Control 


A McGRAW-HILL PUBLICATION 


UNivekKoilift PRICE 50 CENTS 
OF MICHIGAN 


FEBRUARY 1957 


ENGINEERING cose 


INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS | 


IDEAS 
AT WORK 


PROCESS SEQUENCING 
VERNIER TIMING 
ELECTRONIC SAFEGUARD 








For Unexcelled Reliability 


Where 


‘ ‘ 
a 4 3 | BS gt Z~” SS ¢ 1a > | ct ED top performance and 
Can. aN We ‘et Sustained accuracy are a “must”— 


specify Mechanica] Components 


COM PONENTS = *°224¢eveloped ana 


manufactured by Libras¢ ope 


Sine-Cosine Mechanism 


TYPICAL 
APPLICATIONS 















Provides for instantan- SPECIFICATIONS 
eous solution of prob- 

lems involving the sine Accuracy 
or cosine of an angular 
variable. Angular rota- 
tion is converted into a Se ee 
displacement propor- Weight 
tional to sine or cosine 

of the input. 


Stroke, peak to peak. . 1.500” 


TYPICAL 
APPLICATIONS SPECIFICATIONS 
| 
] A precision integrating — ee 
mechanism for totaliz- 1% average 


INg, rate determination 
and differentia] 
Ng. Can also be 


Force to move c 


arriage 
analyz- 9 02. max 


> used Shaft travel 144 





“Ss a closed loop Servo- 
element or accurate Nput torque 2 in. oz max 
Variable speed drive. NYP: Ye" VY, 
Weight 
ii ik SPECIFICATIONS 
Holiow Shaft Differentia — 
TYPICAL Inertia: approx. .074 oz. in. 


APPLICATIONS 
Max. backlash: 


Applicable to angular 0° 10” at 2 in. oz. 


sums, angular velocity 


sums or sequence oper- 3 point contact 
ations. May be installed with spider gears. 
or removed without dis- Precision ball bearings. 


assembly of unit or dif- 
ferential. High accuracy 


Size: 1”x 1-3/16" 
Weight: 1% oz. 
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GE EDA. POWER DISPATCH COMPUTER 


can save up to $200,000 per year in operating costs 


Matching power plant output to the ever-changing load 
demands of its customers has always been one of the big- 
gest operational problems of every power company. Hun- 
dreds of engineers and mathematicians continually spend 
thousands of hours poring over past operational data in an 
effort to calculate the most efficient and economical operat- 
ing schedule. But even the best mechanical computing 
methods can only approximate the never-ending day-to-day 
load variations. So, every day main plants and substations 
continue to cycle between overload and excess capacity. 
The result — excessive fuel consumption and higher power 
costs. 

Now, thanks to GEDA, power companies of all capacities 
have a modern electronic method for solving this pressing 
problem. It’s the new GEDA Economic Power Dispatch 
Computer. 

This new GEDA unit—incorporating many of the advanced 
design principles of the spectacular GEDA A-14 Electronic 





ANALOG COMPUTERS 


The way to give your hunch a chance 


Differential Analyzers — provides an accurate economic 
model of a complete power generating and distribution 
system. All the variables from the entire system are digested 
electronically and computed automatically, giving the sys- 
tem engineer an instantaneous answer to the most eco- 
nomical operation of the entire power network. When 
combined with conventional load controls, operation of 
entire power systems is virtually automatic. Depending 
upon the size of the system, the new GEDA Economic 
Power Dispatch Computer can save as much as $200,000 
per year in direct operating costs. And indirect savings 
through improved utilization of engineers and operating 
personnel can more than double this figure. 


This new GEDA unit is one of five special purpose simu- 
lators in the advanced GEDA A-14 Series which are being 
applied to nuclear power, jet engine design, aircraft and 
missile flight and guidance, process control and power dis- 
patching. We would welcome the opportunity to discuss a 
GEDA installation — large or small — custom-designed to 
your exact requirements. Write: Goodyear Aircraft Corpo- 


ration, Dept. 931GB, Akron 15, Ohio. 


Now available is a new Goodyear Engineering Report, 
GER-6969, which describes the operation of the 
GEDA A-14 Economic Power Dispatch Computer. 

Write now for your copy. 


GOODSYEAR AIRCRAFT 


GEDA —T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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New | AVA Perkin DC POWER SUPPLIES 


Tubeless magnetic amplifier Perkin also manufactures a 
complete line of standard DC power 


supplies as listed below: 


28 VOLT DC POWER SUPPLIES: 





AC Input Ripple 








Model Volts j|Amps| Reg. (60 cps) rms 
20% 115V | 
28-SVFM | 0-32 V 5 |(24-32 V 1 phase | 2% 
+ range | 
= 100-125 V 
* 28-10WX |24-32V/ 10); > %% 1 phase 1% 





105-125 V 
MR532-15A | 2-36 V 15 |= 2% 1 phase 1% 


s 
20% 
28-15VFM | 0-32 V 15 |(24-32 V 115 V 5% 
range) 1 phase 


sv. | 
FOR ANY COMBINATION OF LINE OR LOAD 








M60V 0-32 V 25 = 1% 1 phase 1% 









































100-130 V 
NO TUBES MR1040-30A/ 5-40V | 30 | +1% | phase | 1% 
MOVING PARTS OR , 100-125 V 
VIBRATING CONTACTS iit 28-30WXM |24-32V | 30 |+12%| Iphase | 1% 
: Vs 230 V* 
” . : 28-SOWX /24-32V | 50 |+12% | 3 phase 1% 
REGULATES RMS VALUE Be Oy : 208, 230, 
’ Se MR2432- [24-32 V |100 | + 12% K60V +10%| 1% 
RACK PANEL OR 3: WAR SS : 100XA 3 phase 
CABINET MOUNTING | St CURE Suet MR2432- 230 V" 
a : at ; Se Ape) : . 200 24-32 V |200 | 2% 3 phase 1% 
IDEAL FOR < . MR2432- 230 Vv" 
UNATTENDED BEALS, ; ¥ 300 = [24-32 V [300 | 42% | 3phase | 1% 
’ : pene : et MR2432- 230 V* 
INSTALLATIONS > SRA See ae ahaa es 500 [24-32 V [500 |+ 12% | phase | 1% 





*+10%. Also ava lable in 460 V + 10% AC input. Will 
be supplied with 230 V input unless otherwise specified 


6, 12,115 VOLT DC POWER SUPPLIES: 








Model MLR-1000 












































Model | Volts | Amps! Reg. man — 
Input voltage range: 95 to 135 volts Maximum load: 1.0 KVA - ae 
Output voltage: Nominal 115 volts, can Ambient temp. range: Up to 45° C 6-5SWX | +10%] 5 | +1% lphase | 1% 
be adjusted from 110 to 120 v. Dimensions: 1912” wide x 111” © 6 95-130 V 
Output current: 8.5 amperes high x 1142” deep (Cabinet) @ G15WX |+10%) 15 | +1% | Iphase | 1% 
. +109 19” wide x 1042” high "de 6 95-130 V 
Frequency range: 60 cycles +10% diayecee 2” high x 10” deep gee Lemn| @ | 215 | seas | oe 
Wave form distortion: 3% max. aie aoe - 2 95-130 
Power factor range: 0.5 lagging to 0.9 ene ee Renee ~ 2 tata | £10%] 15 | +1% | Iphese | 1% 
leading Finish: Gray hammertone 115 95-130 V 
Response time: 0.2 sec. Weight: 85 Ibs. = sees SS] SF | ee | tee | 1% 
> 95-130 V 
Also available—3 KVA Model MLR-3000, same specifications except: output current 25.5 5 carne hated Me Md BE 
amps. Dimensions 19” wide, 1434” deep x 12%” high (rack) or 1942” wide x 16%” deep eee See peer dy - 
x 12%” high (cabinet). Weight 170 Ibs. 


**Germanium Rectifier Unit tincreases to2% @ 15 V. 


“se> \ PERKIN SALES OFFICES: 
ie “—) Wire factory collect for prices ...Write for catalog. New York area NJ Minneapolis 
v ~ , Newark — MAkt 3-1454 MI 4-7884 


Ww A, - ae a w re if Madelphis Seattle : 
Vi Pail ae) > aF eo a 
Vv as eM } ; \ : XX . Atlanta 
Lew l LONI LIN ia 

yee [ FO 8.8306 ED 2.7256 


Representatives in Principal Cities 034 aoe seem 


Te 


Boston 
[ 1 MI 8-0756 
345 KANSAS ST. * EL SEGUNDO, CALIFORNIA * PHONE: ORegon 8-7215 _ —_ 


Ontario 
AX 3-7011 
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CONTROL PERSONALITY — GENE GRABBE 


\ control engineer who is both an advanced individualist and a believer in teamwork. 


WHAT'S NEW IN THE CONTROL FIELD 


Congress again aims its lens at automation, but it won’t stand still — two major stories 


INDUSTRY’S PULSE — WHAT, WHERE, AND WHY THEY MIGRATE 


What kind of burrs do control engineers sit on? Surveys take a look at job changing 


EDITORIAL — “THE CHEMICALS” FIND A SPRINGBOARD 


Chemical engineers “discover” dynamic analysis, and the whole field awaits the results 
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Outstanding design this month is Electro-Data’s 22-million-character “Datafile 
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Vacations, babies, teeth, sick aunt we have ‘em too. When Managing Edito1 
Lloyd Slater laid down a dictum on this subject last September he must have beer 
planning for his New Year’s vacation on Grand Cayman, B.W.I. He named Hart 
Karp to tend shop for him. Harry finished his editing of articles for the March i 

and then stepped in to manage the February issue. He has done a commendabl 
scheduling job — he not only kept us on schedule, but kept his family on schedule 


too, for on Dec. 18 he became a papa for the first time. It’s a boy! 
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THIS MOTOR CAN CUT YOUR HAZARDOUS 
ATMOSPHERE INSURANCE COST 


Insuring facilities with electric motors in haz- 
ardous atmospheres is generally expensive or 
impossible without special motors. Reliance has 
developed a completely new, Underwriters’ ap- 
proved motor design, called explosion-proof, for 
hazardous locations. In fact this is the only motor 
design that meets all qualifications for class I, 
group D and class II, groups E, F and G without 


requiring modification. 


produce explosive or ignitable mixtures 





NATIONAL ELECTRICAL CODE CLASSES OF HAZARDOUS LOCATIONS —— 


CLASS | —Those in which flammable gases or vapors are or may be present in the air in q 


Group D —Atmospheres containing gasoline, hexane, naphtha, benzine, butane, propane, alcohols, 
acetone, benzol, lacquer solvent vapors, or natural gas. 


CLASS Il—Those which are hazardous because of the presence of combustible dust 
Group E —Atmospheres containing dust of aluminum, magnesium, or their commer 
Group F —-Atmospheres containing carbon black, coal or coke dust 


Group G—Atmospheres containing flour, starch or grain dust 


This new motor incorporates all of the 
outstanding features of the standard Reliance 
Totally-Protected Motor. In addition, all 
Reliance Explosion-Proof Motors are built to 
corrosion-proof standards. 

If you would like to have more information on 
what qualifies a motor for hazardous atmos- 
pheres, write for our new Explosion-Proof Motor 
Bulletin No. B-2409. ! 


ficient to 
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RELIANCE 
Titlly Potted 


MOTORS 





RELIANCE incintcenc co. ° 


DEPT. 522A, CLEVELAND 17, OHIO 


CANADIAN DIVISION WELLAND, ONTARIO 


Sales Offices and Distributors in Principal Cities 
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SCOPE Controller 





Performance in a Small Package 


Latest addition to famous Transet line uses 


unique Motion-Balance principle. 


Proven by months of tests on toughest applications. 


ERE’S the first in a series of new 
Taylor TRANSCOPE instruments 
that will set new standards of process ‘ 

control performance. It’s the new 
TRANSCOPE Controller—a miniature 
controller that’s new in design, new in 
principle and in performance has 
no equal, particularly on applications 
where the span of measurement is very 
short. It is ideal for the time constants 


of modern processing. 


Simple to adjust, easy to maintain—and — 


to convert from one form of control to another, the 
TRANSCOPE Controller can be panel, rack or field 
mounted. The adjustable proportional response sys- 
tem is based on the Motion-Balance principle that uses 
bellows as pressure sensitive elements. The illustration 
on the opposite page shows how the instrument looks 
—here’s what it means in your plant: 

1. Exceptionally fast and smooth response—partic- 
ularly important On start-ups. 

2. Ease of alignment—smooth-acting screw-driver 
adjustment because of ball-bearing construction. 

3. New high standard of accuracy and setting for 
gain, reset and Pre-Act responses. 

4. Outstanding in its insensitivity to ambient temper- 


atures. 


Instruments for indicating, recording and controlling temperature, 


*Trade Mark 


5. Very low air consumption—only 0.1 
scfm. 
6. Adaptability to changes in process 
requirements... complete interchange- 
ability of components so you can con- 
vert from simplest to most complex 
@ forms of control 7» the field. 
7. Instrument action is reversed by 
merely rotating a dial. 
8. Integral cut-off relay—a built-in fea- 
ture—for field-mounted or panel- 
mounted use. 
9. Plugs into Transet Indicators or Recorders or lo- 
cally-mounted manifolds. 
10, Friction-free bending member... no maintenance 
because no wear. 
11. Easy access to nozzle and haffle. 
12. Rugged bellows construction keyed in position. 
Dynamically-balanced force plate. 
13. Stainless steel nozzle and baffle... hardened stain- 
less reaction members rugged aluminum assem- 
blies. Dust and moisture-proof case suitable for out- 
door mounting. 
Write for Bulletin 98278. 
° e ° 
Taylor Instrument Companies, Rochester, N. Y., and 


Toronto, Canada. 


pressure, flow, liquid level, speed, ity, load and humidity. 
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é MAGNETIC OUTPUT STAGES © 
} with Silicon Diodes 


<"“#¢ +24 ro snes a © peg: 0 eho * 





H Available for quick delivery 4 
8 from stock, Feedback’s Magnetic 
+ Output Stages perform reliably 
% even under the most rugged§™ 
environmental conditions. Mate-# 
& rials, construction, and rigorous#™ 
quality control of manufacturef 
% make these the outstanding am- , 
% plifiers of their type available¥ 
4 today. All units incorporate pre-® 
# cision matched cores and silicong 
# diodes. Two separate control¥ 
: windings permit use with either P 
transistor or vacuum tube 
preamplifiers. 


eS Set ar) 


SPECIFICATIONS p 


INPUT: Less than 0.1 watt from preampli- & 
fier, IN951 transistor or 5703 (12 AT7)B 
vacuum tube. Preamplifier circuit dia- ¥ 
grams furnished. 


























é 


a OuTPut: Drives 
Model Output Servomotor 

D-4 4 watts, Y2 wave BuOrd MK14 

D-10 10 watts, ’2 wave BuOrd MK8 . 

D-20 20 watts, 2 wave Keorfott R112 § 

or equivalent ,. 

Connections for both 115 and 57 volts. & 

Auto transformer eliminates de in motor 
§ control winding. 
be RESPONSE: 2 milliseconds 
E ZERO DRIFT: Less than 5% of full- load F v 
f voltage. 

ENVIRONMENTS: Operates over tempera- 
fe ture range from —65°C to +125°C. De- 
signed for missile and aircraft applica- J 
tions. . 

FEEDBACK MANUFACTURE servo fj 
[© instruments for computation and con- § 
® trol, gearheads, magnetic amplifiers, ac BH 
@ and dc vacuum-tube amplifiers, viscous- 
coupled-inertia dampers, quadrature re- 
jectors, and many other servo components. 


i Feedback Controls, Inc. i 
} Dept CE 899 Main Street, : 
& Waltham 54, Mass. 


i 
% Yes—! want complete details on Feedback’s§ 
AS Magnetic Output Stages, also price in- 
Be formation. 


" 


» Name t 
B Title L 
Company 4 
= 


S Address 
PRET Sue, So seg Si 





CONTROL ENGINEERING 








SHOPTALK 


Society participation? 


Many of the problems that arise in putting out a maga- 
zine serving a technical field are very similar to those facing 
the managements of user and maker companies in that 
same Geld \ “ in point is staff participation in profes- 
sional societies. In the control field this problem becomes 
particularly pressing—many different societies and com- 
mittees claim time and talents. Which societies should our 
men join? How much time and effort should they devote 
to committees? 


Three reasons why 


Conrro. ENGINEERING assayed its own situation in this 
respect to formulate a policy. At a CtE get-together, 
McGraw-Hill’s director of special editorial activities, L.. C 
Morrow, listed for our staff eight good reasons why Ctl 
should contribute the time and talents of its men to profes 
sional societies. Three of these apply to most industrial 
companies we serve: 

1. Our field is new and growing. 

2. It is close-knit, thus simplifying cooperative efforts 
and interchange of information. 

The professional level of the front-line and support 
ing staff determines the amount of time that can be spent 
in extracurricular work without interfering with the main 
task of getting out a product. 


CtE society activities 


Next, we reviewed what the editorial staff was doing to 
carry out its responsibilities. We found that most editors 
had been engaged in some technical group work even 
before joining the CtE staff: 

William F.. Vannah—member ISA, ASME; secretary of ASME/IRD, 
"56; technical program chairman IRD conference, °58; temporary secre- 
tarv of North American Council of International Federation of Con 
trol Systems Engineering, 

Byron K. Ledgerwood—member AIEE, ASME, NSPE; AIEE Feed 
back Controls Committee; AIEE Machine Tool Control Committee. 
Lloyd E. Slater-—member ISA; program chairman Fairfield (Conn 
ISA; publicity chairman 11th International ISA Conference. 

Harry R. Karp—member AIEE, ISA; editor Dynamic Systems Com 
mittee (IRD); education and employment chairman N. J. ISA 
publicity chairman for IRD. 

Edward J]. Kompass—member IRE, ISA. 

Frank X. McPartland—student member ASMF 


Comments from the staff while this list was being collated 
indicated that their enthusiasm and efforts resulted more 
from their personal and professional engineering interests 
than from their work as editors. Bill Vannah summed up 
our policy by stating that CtE. will give basic editorial sup 
port to any society that serves its readers, and that we'll 
not only continue our present efforts but will try to do more. 





actuol size 


1%" max. length 
%” mox. dia, 





FIRST TWIN DIODE... 


Designed especially for computers 


RCA-6887 Cuts Heater Power 


Combining exceptional dependability, small size, and a low-wattage Investigate the many advantages RCA-6887 

heater (1.26 watts) ...the new RCA-6887 performs with high efficiency offers your medium-speed electronic com 

on one third less heater power than conventional twin diodes. This puter designs. Contact your RCA Field Bep- 
new tube offers up-to-date advantages for compact, medium-speed switching 
circuits. 


resentative ot the RCA District Office neorest 


YOu 


Among the many design features of the RCA-6887 contributing to long life and 
high dependability are a pure-tungsten heater, special-alloy cathodes which 
retard interface, high-purity nickel plates, plus a protective shield to minimize 


HUmboldt 5-3900 
744 Broad Street 
Newark 2, N. J 


interelectrode leakage. Each cathode utilizes a separate base pin to permit flex- 


ibility of circuit arrangement. WHitehall 4-2900 
1181 


Strict production controls based on typical electronic computer conditions, ex- rchandise Mart Plaza 


treme care in selection and inspection of materials, and rigorous tests for shorts ge 34, 


and leakage—assure uniformity of electrical characteristics and stability initially RAvymond 3-8361 
and throughout life. 6355 Eost Washington Blvd. 


Los Angeles 22. Calif. 


(Se |) RADIO CORPORATION OF AMERICA fr lechnicl dota on RCA GHB, write RCA 


Tube Division Harrison, N. J. Commercial Engineering, Section B56Q 
® Harrison, N. J 








Miniature Pressure 
Transducers 
for operation to 


+ 40°F. 


Temperature compensated 
over 465°F. interval 


0.01% /°F. thermal! coefficient of 
sensitivity from —65° to +400°F. 


0.01% fs/°F. thermal zero shift 
from —65° to +-400°F. 


No cement or resin pressure seals 


Homogeneous sensing diaphragm 
surface 


Statham unbonded strain gage 
transduction 


Minimum response to vibration 
or acceleration 


Pressure adapters for closed 
line applications 


Absolute Pressure Transducers 
0-5 to 0-500 psia —- Model PA260TC 


Gage Pressure Transducers 
0-5 to 0-500 psig — Model PG260TC 


Differential Pressure Transducers 
0-5 to 0-500 psid —Model PL260TC 
+2.5 to +25 psid— Model PM260TC 


When the transducer is a 
Statham, pressure 
measurements at elevated 
temperature are made with 
accuracy and confidence. 


Complete specifications available upon request. 


Please wire or telephone us collect 
whenever we may be of service 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 
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Scrounge boxes can inspire 


lo THE EpIroR 


An idea came to me re the engine¢ 


+ 


recent meeting Of oul 
hool PTA. ‘The program 
the teaching of 


of the main 


shortage at a 
elementary 
concerned sclence 1n 
the schools. It seems one 
difficulties the teachers had in interest 
ing the students in science was in ob 
taining suitable equipment. Even such 
ordinary things as wire, transformers, 
switches, etc., are hard to come by. 
Every electrical engineer I know has 
a scrounge box of miscellaneous parts 
round his home. 
LI local school to 
could be put to 
oluntary service 
working 


and odds and ends 
Why not contact yo 
see if any of them 
And you 


in helping the te icher devise 


gO id use 


units might pro 


inspiration fo! 


models and display 
vide just the necessary 
some talented youngster to take up 
science or engineering for a Career. 
Robert Fauvre 


Northbridge, Calif 


Specifying dynamic performance 


E\DITOR 
letter 


} } 
don D the 


lo THI 
Chis 


be Ing 


describes the 
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] 
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Feedback 


FORUM ... 


To THE Eprror 

Anent “Industry’s Pulse 
the Users View Electronic 
in the November issue. 

One 
of acceptance of 
by users in the proce 
be lack of standardization of signals. 
Onc 0-0.5-volt 
ac signal for process measurement and 
a 4.00-8.00-ma de signal for the con 
troller output. Another 
ma dec for measurement 
output Other manufacturers 
are presently developing this type of 
equipment expect to use still other 
ranges for their signals. Obviously, 
the makes of equipment now available 
are not compatible with each other 
and neither may be compatible with 
equipment manufactured to the stand 
ard signal range 
established. 

It seems to m¢ 
turers 


able 


How Do 
Control?” 
for the slow rate 
controls 
ss industries may 


major reason 


electronic 


manufacturer 


uses 1 


uses U 5-5 .0 


and control 
who 


which iS sure to be 
that the 
themselves consider 
getting to 
gether now and establishing a stand 
ard. Furthermore, establishment « 
a standard signal range would enlars¢ 
the market by 
fear that he is 


manutac 
could SAVE 
sums of monev by 


t 


removing the user’ 


tied to one source of 


Control Systems Subcommittee on 
Definitions, Symbolisms, & Specifica 
tions. Because f your readers’ in 
terests in allied subjects, I feel that 
this information will be of benefit to 
them 

Broader knowledge of the activities 
of the Control Systems 
Components Subcommittee through 
ut the control field should 
encourage systems and component de 


| eedb iCUK 


systems 


eady acceptance ot 


signers to a More 
the idea of 


trormance' of 


specifying dynamic pel 


control system com 
ponents. 

The Components Specifications 
Subcommittee has sought to build on 
the definitions, letter symbols, and 
block diagram ideas of ASA Y10.13 
195. by those 


which are pertinent into the specifica 


extending concepts 


tions of various feedback control sys 
tem components. For preliminary put 
poses, the control system components 
been divided into such 


have generi 


categories as signal elements, ampli 


fiers, and power elements 
I'he subcommittee’s objectives: 
l. For 


omponent, the sub 
Cont n page 14 


each 


supply and to a type of 
which may soon | bsolet 

C. A. Prior 
Ohio 


equipment 


Cleveland, 


SAMA replies to reader’s prod. 
Ihe Scientific Apparatus Makers As 


sociation Recorder-Controller Section’s 
Subcommittee 13-D has just 
pleted a study of manufacturers’ pref- 
standards in ac and dc 
ind contro] transmission 
signals In surveying manufacturers 
on preferred standards, the 


com 


erences fo! 


measurement 


subcom 


mittee sought a simple structure for 
fundamental standards. The question- 
naire considered only systems involy 


‘ 
ing continuously variable 
nals of potential 
tional to 
excluded pulse 
lated 
transmission as well as 


electric sig 
current propor 
quantities. ‘This 
ind frequency-modu 
systems used in long-distance 
feedback S1g 


measured 


nals from the final control element 
valve oper ’ 
The sub 


definitions 


© absolute signal tem. one 


itor, for example 


id ypted these 


minittec 


in which 
1 function of 
quantity (or retrans- 


] 


the transmitted signal j 
the measured 







Multiple the Nw DATEX 
Pressures with 
ONE TRANSDUCER P R E S Ss a R E x 
SCANNER 


t 


Designed to pneumatically switch a num- 
ber of pressure sources into a single out- 
put port, the SP-101 Pressure Scanner 
introduces entirely new concepts into the 
field of pressure instrumentation. By pro- 
viding an economical means of measuring 
a multitude of pressures, this device will 
accelerate the growth of automatic pres- 
sure recording in fields where it was 
heretofore economically unfeasible. Addi- 
tionally, the pressure scanner not only 
reduces the number of transducers re 
quired for multiple pressure measure- 
MODEL SP-101 ment but can be used to increase accuracy 
PRICE $395.00 of measurement with presently available 
components. This is done by automati- 
cally introducing calibration and/or zero pressures during each recording 
cycle, permitting calculation of exact transducer response; and thus 
enabling greater measurement accuracy. Also, since the transducer is 
vented to atmosphere between pressure ports, hysteresis effects are mini- 
mized, contributing to greater measurement accuracy. 


Basically, the SP-101 consists of a stator having 12 input ports, and a 
rotor that connects any one of the twelve input ports to an output port. 
The rotor is rotated to a desired position by a unidirectional high-torque 
motor, whose operation is controlled by means of a positive positioning 
arrangement. A relay circuit is incorporated in the unit to provide dy- 
namic braking in order to stop the motor in a position where the rotor 
and stator ports are in coincidence. 


The SP-101 Pressure Scanner can be used in applications that require 
the measurement of 12 pressures, all within the same transducer range. 
The unit can be externally programmed to switch pressures in any 
sequence desired, or it can be operated by means of a manual switch to 
select pressures to be measured. 





TYPICAL 
SYSTEM 
USING ONE 
ANSDUCER [ puecrmicat 
OUTPUT 


POINT 


CALIBRATE CONTROL 


> IDENTIFICATION 


SPECIFICATIONS 


: SELF BALANCING | FLUIDS: 
a POTENTIONETER 
D - Air and non-corr ve dry gases 
= PRESSURES: 
From 0.1 psia to 350 psig 
POWER: 
50 watts, 115V a-c, 60 cycle 
CONNECTIONS: 
Input and 0 ut NPT 





POSITIONS: 

Designed for 

Typical Datex Digital Data Recording System bulkhead mounting 
for Recording 60 Pressures 


For additional detailed information, write for Bulletin SP-101-1. 


GIANNINI DAT E X DIVISION 


1307 South Myrtle Avenue, Monrovia, California 


G.M.GIANNINI &CO.,INC. 918 EAST GREEN STREET * PASADENA, CALIFORNIA 








APPLICATION NOTES: 
BY USING ONE pressure scanner to inter 


rogate twelve other pressure scanners 
as many as 144 pressures can be meas 
ured with only one transducer. A 


t\ 
ty 


block diagram of a typical system is 
shown in Fig. 1. The 144 pressure in 


puts are connected to twelve pressure 
scanners. Ons itput for each of thes« 
scanners will be connected to the in 
put ports of n additional pressure 
scanner. The tput of the latter scan 
ner will thi equentially scan the in 
puts of the 144 pressure vari ibles. The 
aforementioned system is generally ap 
plicable where all pressures fall with 


in the same rang 


{ 


On 
(DOENTIFIC ATION 


WHERE A PLURALITY of transducer ranges 


are required, the input pressures are 
connected to the pressure scanner as 
sociated with the range which will 
offer greatest a iracy. This system is 
illustrated Fig. 2. An increase in 
overall SVSte speed 1s possible ove! 
that of the single transducer operation 
As an examp! issume a system con 
taining ten pressure scanners that will 
be controlled in two groups of five 
each. While the transducers associated 
with the second group are being 
scanned, the fir group is positioned 
to the next point. In this manner, the 


pressures of group number one are 
being stabilized while the transducers 


of group two are being recorded 
t 
= ‘ 
44 
’ 
t 


IN NUMEROUS APPLICATIONS, such as in 
engine test and wind tunnel operation 


pressures vary over a wide range dur 
ing the course of a recording cycle 
With conventional multi-pressure re 
cording systems, considerable measurt 


ment errors often result when the 
pressure drops to a small percentags 
of full scale 

IN ORDER TO ACHIEVE greater accuracy 
of measurement, the overall range is 


broken up into a plurality of smaller 
ranges. The SP-101 in combination 
with other Datex components can be 
used in an arrangement allowing the 
value of thi e to be determined 
prior to n ement: permitting the 
ippropriate ire range to be se 


lected so tt ptimum measurement 


wcuracy pi 
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1500 
VOLT 


single junction 


—Ez- 


welded case 


SILICON 


RECTIFIERS 


a 
sooene - 
ry 








from 


Texas Instruments 


You can now obtain maximum rectifier 
miniaturization along with nearly 
double the operating voltage 
previously obtainable from silicon 
rectifiers — with new TI single element 
grown junction silicon rectifiers 

This two-fold advance — single 
element construction plus 1500-volt 
operating voltage results in 
immediate extension of design limits 
In guided missile and other military 
applications. Also, these welded cas¢ 
rectifiers are ideal for use in series in 
cathode ray tube power supplies and 


similar high voltage circuits. 


TI miniaturized silicon rectifiers 
feature forward current ratings to 125 
ma and operate stably to 150°C. 
They require no filament power 

no warm-up time. Five production 
types give you a choice of axial and 
stud half-wave types in welded case 


and full-wave plug-in model. 





C3) 
Write today for 


complete information 


TEXAS INSTRUMENTS 


NC ORPORATEO 





12 CONTROL 


ENGINEERING 





FEEDBACK 


mitted function) and independent measured quantity; examples—resist 


of system supply voltage; example ance potentiometers and differential 


transformers 


orce-balance_ type; 
] 
le 


v 


relative signal system, one in which 


the transmitted signal is proportional Specific system standards listed in 


























to supply voltage as well as to the the questionnaire 
1. de current —inherently two-conductor absolute systems 
[ —_— oo - | 
Output current (ma) 1-5 10-50 O+1/2 | 
Load resistance ohms} 5,000 500 10,000 | 
(maximum) * 
2. ac voltage —two-conductor relative systems with fixed phase 
| 
*Supply volts (nominal) 120 120 120 120 120 
frequency 60 60 60 60 60 
| Output volts 0-0.5 0-50 0+2'A 0+120 0-35 
frequency 60 60 60 60 60 
Load impedance ohms 1/2 meg 2 meg 600 variable 5 ,000 
(minimum) (fixed) (min) 
ee i. oe —— | 
Note—This is the system supply voltage and not necessarily the actual voltag: applied 
to the transducer which may be supplied through a in 1 


Tabulation of preferences of participants in SAMA Recorder-Controller Section’s Questionnaire on 


signals for electric transmission and control 


PREFERRED STANDARDS 


























|| | 
DC CURRENT || AC VOLTAGE 
Phase || Will 
COMPANY | Supply Angle || Use 
| Signal Load Signal Load } Std 
| ma Ohms || Volts Freq Volts Ohms I 
| | 

Applied Science Corp. 0-1 10000 |} 120 60 | 0-5.0 1/2 meg Yes 

of Princeton 

Askania Regulator Co. || 1-5 5000 || 120 60 | 0-1/2 1/2 meg 0 Yes 

10-50 500 120 60 0+120 Variable 
120 60 0 40 0.1 meg 

Automatic Temperature 1-5 5000 120 60 0-1/2 1/2 meg 90 Yes 

Control Co. Do not think we should limit future developments 
by premature standards 

| 

Bailey Meter Co. 120 | 60 |0-5.0 | 10000 |+30 Yes* 
“This is qualified depending on the cost and) 
complexity of modifications. Suggests de 
voltage system be included. 

Barber-Colman Co. 1-5 5000 120 | 60 | 0-1/2 | 1/2 meg | Yes 
Believes it possible to standardize frequency 
modulated systems now. 

Beckman Instruments 0-5 1000 60 0-1/2 20K 0 Yes 

Bristol 120 60 0-1/2 1/2 meg 58 Yes 
Feels that standard should permit inclusion of 
other signal systems such as pulse and frequency. 























Crucible Steel 


CRUCIBLE ALNICO MAGNETS lapped 
to a flatness of better than 22- 
millionths of an inch assures true 

— sealing of gases and 
uids. 


GRAPHITE RING. 


in magnetic seals, too 







—_* 
—< 


FIELD REPORTS indicate Ainico has 
3 to 4 times better wear resistance 
than other materials for metal to 
graphite applications. 


CRUCIBLE PERMANENT MAGNETS 


mean Maximum energy—MinimuUM size 


The consistently higher energy product of Crucible 
Alnico magnets allows smaller parts — greater com- 
pactness in special applications like this magnetic 
shaft seal. What’s more, the superior corrosion and 
wear resistance of Crucible Alnico insures far 
greater service life. 

You can regularly get Crucible permanent 


Alnico magnets sand cast, shell molded, or invest- 


ment cast to exact size, shape or tolerance require 
ments... and in any size from a mere fraction of 
an ounce to hundreds of pounds. Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa 


first name in special purpose steels 


Company of America 
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Maa! tach 
COLMAN 
generators 


for accurate speed 





indications and rate 


control applications 





. 
* 
4 
: 
a & 


up to 40 volts per 1000 rpm 
within plus or minus 0.5% 
linearity over the operating range with 
very low slot and commutator ripple. 
Barber-Co!man tach generators are avail 
able in three different frame sizes with 
maximum rated outputs up to 7000 rpm 
100 
Typical applications include controlling 


or volts, whichever occurs first. 


antiskid circuits for wheel braking 
surface control systems of guided mis- 
siles . . . indication of film speed rate in 
aerial cameras . and rpm indication 
of variable speed drives in industrial 
machines, and 


processing equipment 


similar production units. Many varia- 
tions of Barber-Colman tach generators 
for 


are available special 


Send for free technical bulletin 


applications 


The complete 
line of 
Barber-Colman - 


Q . 
. . . includes both permanent magnet 
and split series types 
mountings and speeds with outputs up 
to 1/10 hp. Ideally suited to power 
electro-mechanical switches, 
and programming devices. Also avail 
able with gearheads or blowers for spe 
cial applications. Whatever your prob- 
lem small d-c 
Barber-Colman Company engineers help 
you find the solution. Write for free 
Catalog F-4344. 





d-c motors 


in various 


actuators, 


involving motors, let 


BARBER-COLMAN COMPANY 
Dept. N, 1848 Rock Street, Rockford, Illin 
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COMPANY 


Foxboro Co. 


Hagan Corp 


Manning, Maxwe 
Moore, Inc 


Mason-Neilan 
Regulator Co 
Metrotype Corp 
Minneapolis-Honeywell 


Panellit, Inc 


Powers Regulator 
Raytheon Mfg Co. 


Republic Flow Meter Co.) 


Simplex Valve & 
Meter Co 

The Swartwout Co 
Taylor Inst. Cos 


Weston Electric 
Instrument Corp 


( 
committee should 
lidate existing sp 
ite the dvnami 
teristi vhich th 
need 
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DC CURRENT 


| 


| 
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Signal Load 
ma Ohms 
i-3 5000 
1/2 10000 
10-50 5¢ 
0-6 50 
5 5000 
10-50 500 
$—25 1000 
10-50 500 
10000 
4-20 600 
10-50 500 
10-50 500 
10-50 500 
0 5000 
] 5000 
6 500C 
1/2 10 
500¢ 
idd to and 
ihcations to 
ind other 
tem ce 


Sift{l 


AC VOLTAGE 


Supply | 
|} Signal | 
Volts | Freq | Volts | 
12 60 | 0-1/2 
120 6 |} O0+2 1/2 6 


Proposes ac current and variat 


60 | 0+2 1/2| 6 
potentially applicab 


120 | 
Devices 
signal use will probably have 
not yet determined, but 
than 45 deg 


wi 


120 | 400 | 0+5 | 
Suggest +50 vde b includ 
5 vde 

standard 
12 60 5 


Would consider 


standard 


120 | 60 | 10-110 | 
ac voltage should NOT 
a. operate at low voltag 


b. 
Proposes dc voltage 


have zero volts at lower 


Lo 


a 


a 


Ohms 


a. 10-110 vde, 10,000 ohn 
b. 1-11 vde, 1000 ohm m 
| 
120 | 60 | 
120 | 60 | 0-35 5( 
Will adopt if standard p 


coverage of field requirements 


Since pulse (time current 
work principally in this forn 
interest limited. 


120 


60 | 0-1/2 
| 
120 60 | o+1/8 | 
Suggests puls time t t 


proposed standard 


1 } , } 
ai t1On hal 


d Omit 


; 1] t] 
Cl } 


> f 


th 


transmission 


| 
| 
| 
| 


probably 


Phase 
Angle 


be 


propos 


eading angle; 


| 


C 


and we 


ac and 


dc 











Will 
Use 
Std 


Yes 


Yes 





ponent, where feasible, should be in 
dicated by the subcommittee so that THE MARK OF QUALITY 
the desired characteristics are properly 
obtained. 

+. The subcommittee should en 


deavor to educate both the system ada 
designer and the component designe lower costs 
COLMAN te 


is to the information required fot 


Accurate furnace control, 





component specihc itions. ° - 
Currentl; the Components Sub with new 8000 series 


committee is subdivided into small 


groups which ar working on specific Wheeleo POTENTIOMETER- 


components 


Synchros Inctrumentsg RECORDER 


I I Kazda, Dept of Electrical 
Engineering, University of Michigan, 
Ann Arbor, Mich.; M. Goldberg, Na- 
val Department, BuOrd Code RES4D, 
Washington 25, D. C 


Gyros 


P. Spink, Westinghouse Electric 
Corp., Frnendship International Air 
port, Baltimore 27, Md., Robert 
Keeler, Minneapolis Honeywell, Aero 


I 


Div., Minneapol Minn 


I'wo-phase servo motors 


r. A. Westover, Servo Corp. of 
America, 2020 Jericho Turnpike, New 
Hyde Park, N. Y.; W. D. Jefferson, 
John Oster Mfg. Co., One Maine St., 
Racine, Wis 


DC motors 


R. G. Beadle, General Electric Co., 
Svstems Application Engineering, 
Schenectady, N. Y.; L. F. Stringer, 
Westinghouse Electric Corp., Metal 


Working Section, Pittsburgh, Pa 


I'ransformers and magnetic amplifiers 


D LD Pidhavny ind H ( Truc 
Xamo-W ooldridge Corp., 





| 
blood, The I 
5730 Arbor Vitae, Los Angeles, Calif 
Accurate temperature control is man Class 2 HYCC power 

Hydraulic components insured, operating costs and prob- operating a North Americar 

. : lems reduced by the new Wheelco bination air-gas valve. The furnace 

I. S. Sherrard, Bureau of Standards, eames 4 . “ 
: 8000 Series Potentiometer-Re- is a radiant-tube type, cap 500 

U. S. Dept. of Commerce, Washing ; } ee ; 
, se LD D - “ee corder. Here you see it applied in lb per hour. |] lent at top of 
age D. ¢ . ( forin, Black the control panel of a Lindberg panel is a Whee P 
hawk Mfg. Co., Industrial Hvdrauli Carbon Nitrider operating at a Limitrol 
Control, Milwaukee, Wiais.; Warren large Midwestern heat-treating Call your W! 
Gaines, General Electric Co., Aircraft plant. Among other functions, in for Bulletin I 
Products De pt ~One River Rd.. Schen this application the 8000 Series the new 8 Series | 
ectadv. N. Y. Andrew A. Seleno Recorder actuates a Barber-Col eter can impr 
Vickers, Inc., Administrative & Eng 
neering Center, Detroit 32, Mich FUNCTIONS Indication * Control * Recording 

| ; VARIABLES Temperature * Pressure * Speed * Strain * H 7 
Potentiometers and_ pick-offs his tot 

C. W. Miller, Perki mel » P 

: i . | Crk nN | Ime J ( | FEATURES Maximum ccur y © Simr f j ‘ eM 
;ngineering & Optical Div., Norwalk, ntetaneenn > 0 seca aida i 


Conn.; J. A. Mitchell, Hughes Aircraft 
Co., Weapons Systems Development 
Laboratory, Culver City, Calif. 


tubes * Wide selection of 


BARBER-COLMAN COMPANY 


Accelerometers, integrators, and _pre- DEPT. N, 1548 ROCK STREET, ROCKFORI 
cision power supplies BARBER-COLMAN of CANADA. Ltd. Dept. N. Toronto and Montre 


A. Paternini, Bell Aircraft Con 


I 
i 
P.O. Box No. 1, Buffalo 5, N. ) ee a 
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The Model 912 Com- 
vor, an audio frequency 
shift terminal, is used in 
the transmission of tele- 
meter, telegraph or con- 


RFL 
Model 912 


Operates Over trol signals over either 
" . ° wire line, microwave, or 
Wire Circuit carrier. Up to 60 indtvi- 


dual information chan- 
nels are available in the 
audio spectrum. 
Reliable frequency 
shift method of keying is 
used. All essential con- 
trols such as transmitter 
output level and receiver 
input level are included. 
Each terminal contains 


Continuous 
BR Rpdarigegs d 


of tional 60 milliamperes at 
both the transmitter and 


or Microwave 


Reliable 
HIGH-SPEED 


PUMPS receiver for the opera- 
VALVES tion of relays, stepping 
MOTORS switches, selector mag- 
GENERATORS nets, and other compo- 
RELAYS nents used in telemeter- 
ETC. ing, control and tele- 


graph applications. 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 





Write for Technical and Application Data. 


LUMPAL CL ALa) 


LABORATORIES, INC. 
Boonton , New Jersey, U.S.A. 
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Analog-digital and digital-analog de- 
vices 
C. H. Baldwin, Westinghouse Elec 


tric Corp., Youngwood, Pa. 


Comments and suggestions for mak 
ing the work of the subcommittee 
effective to systems designers 
and component manufacturers will be 
welcomed by the subcommittee and 
addressed to Harold Chest 


INOTC 


should be 


nut, General Electric Co., One River 
Rd., Schenectady, N. Y. Information 
relating to the work being done on 
specific elements should be directed 
to the individuals working on the 
specific components. 


Harold Chestnut, Chairman, 
Components Subcommittee 


Use less graph paper 





demonstrates that 


' ie. E. . 
Z eR [Z| =—_ 

the diagram in 
fthe measured voltage readings 


Shepard’s Figure | 


Redrawing vector 


terms of 


is the first step in evolving a set of 
equations fo1 calculating the resistance 
and the reactance of the unknown im 
pedance 











l'rom this voltage diagram, 

l'‘o THE EprIroR oi ae 

In the August 1956 issue of Con Ey? = Ex* + (Er + Ere), , 
rROL ENGINEERING an article by E. S and 
Shepard Jr. entitled “Simple Wide Ex? = E? — Erg 2 
Band Impedance Measurements” ap- tite oe, 
peared. In this article Mr. Shepard o 
discussed the use of vector diagrams Er = E?—!} + (Er+ Erac)*® (3 
and curve drawing to determine the which upon simplification and solving 
resistance, R,., and reactance, X, of an ee Si outiidente 
unknown impedance. This method is 
very useful when only two or threc Ep E E E ; 
readings are required and the phase o 2E 
angle of the _unknown impedance is However, it is now possible to say that 
greater than 30 deg. However, if the 
phase angle is much less, the method Ep Ra E s 
progressively becomes more suscep ve R, 
tible to error in drawing the curves Substituting (5) into (4) and solving 
and determining their intersection. for the unknown R... we obtain. 
Also, if a great many readings are : ve 
needed, the method becomes ex R, si Er* — Be — Ee’ 6 
tremely laborious and graph paper is 4 Ext 
used at a terrific rate, although this If we use Mr. Shepard’s advice and 
is not a serious drawback. set E, to a value of 1.0 volts, this ex 

Repeated here for reference, Mr pression for R,. becomes 

Ac source 








QD 

















A 
Cons tant- — 
current R - 
resistor 
— << —— —_— E T — << «= ~_ 
Zr | 
ie B 











Need accurately controlled 


POWER? 


USE KAY LAB ABSOLUTE DC POWER 
SUPPLIES AND METER CALIBRATORS 





STANDARD CELL ACCURACY 


MODEL M100-A20 


0.01% STABILITY 


KAY LAB’s unique chopper stabilized circuit stantly compares 
<0.5 MILLIVOLT RIPPLE the output with an internal standard cell, providing stability, 
accuracy, and dynamic characteristics without equal. Direct read 
0.002% REGULATION ing calibrated dials provide instant voltage selection. Both cur 


rent and voltage regulated models available. Ideal wherever a 
general purpose precision voltage or current source independ 


<0.2 MILLISEC RESPONSE TIME ent of line or load is required for laboratory and production 
meter calibration, computer reference, secondary standard, 


21 MODELS: O-2000V, 0-2 AMP DC bridge supply, transistor testing, circuit design, nucleonics 


instrumentation, null voltmeter 


POWER SUPPLY: Short Time Stability (several hours) 0.005% —Long Time Stability 0.01 Output 
Voltage Calibration, 0.02% —Output Impedance, < 0.019 at DC, <0.052 to 200 kc—Output Hum and Noise, 
< 0.5 millivolt—Load Regulation Factor, +0.01% —Line Regulation Factor, 0.002 


METER CALIBRATOR: Same as Power Supplies with following exceptions for models w h go to zero volts: 
Calibration Tolerance, 0.05% —Hum and Noise, < 2 millivolts—Line Regulation Factor, 01 of full scale 


' 
Representatives in all major cities 
lay for de nstration 


W te ( yhone f (if 
47-4 LAB rl , Wire, } i 


5725 KEARNY VILLA ROAD « SAN DIEGO 11, CALIF RNIA °* ,OWNING 7-6700 
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ANNOUNCING 
NEW | impact resistant 
DEKORON twsine warness 


FLAME RETARDANT 
OUTER SHEATH - ft 





FIREPROOF 


NEW LINEAR POLYETHYLENE 


ly 








EXTRA HEAVY 
THERMAL and SHOCK 
ABSORBER 


YOU CAN BURY IT - 


You can’t beat all-plastic Dekoron Poly-Cor for chemical 
resistance or for ease of installation. And now, the new Dekoron 
Instrument Tubing Harness adds yet another revolutionary 
feature—fire resistance. 


For example, in the direct flame of a cutting torch, it lasted 
longer than any other multiple-tube harness. Use it in areas 
where flash fires are anticipated. And new Dekoron Instrument 
Tubing Harness is rugged, too. You can bury it and forget it. 


You get all the advantages—chemical, impact and fire 
resistance—wrapped up in a single bundle with new Dekoron 
Instrument Tubing Harness. Remember, you can burn it . . . 
you can bang it . . . you can bury it. And you can buy it now. 


* products 


QUALITY + RESEARCH + SERVICE 





SAMUEL MOORE & COMPANY 
DEKORON PRODUCTS DIVISION 
MANTUA, OHIO 
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YOU CAN BURN IT 


FEEDBACK 


R, = E; — E? - (7) 
Also 
E.R, 

ind 

Xx — 8 
then 

X? = EZR? — R (9 
ind 

x? = Fore — * (ee—E2-1) (10 


Ihe overall accuracy is mainly de 
pendent on the accuracy of the volt 
meter used. However, if the unknown 
resistance and reactance are only re- 
quired to an accuracy of 3 or 4 per 
cent, a slide rule will perform these 
calculations very nicely. Although 
these equations seem rather involved 
only the same data are required as in 
Mr. Shepard’s method 

H. Havlicek Jr. 
Schenectady, N. Y. 


Market within the market 


lo THE Eprror 

We are looking for a zero speed 
tachometer pickup for use in the con 
tinuous process industries. The de 
vice must be capable of producing a 
number of electrical pulses propor 
tional to input speed over the range 
from zero to 3,000 rpm. Extreme 
reliability is important because of the 
high cost of down time in a continu 
ous industrial process. ‘There are no 
unusual environmental hazards other 
than dust and dirt and the possibility 
that explosion-proofing may be re 

quired in some applications 
Robert P. Einsel 
Industrial Nucleonics 
Columbus, Ohio 


Latch on to the affirmative 


lo THE EpIToR 
In the section on Safety Control 
on page 76 of my article entitled 
“Controlling a Nuclear-Driven Gas 
Cooled Reactor” in the October issue 
of ControL ENGINEERING the follow 
ing misleading statement appears 
“The scram condition is a last resort 
ind should not be used when the 
safety of the reactor or operating 
personnel is at stake.” The word 
“not” should, of course, be “only” 
to make the sentence read correctly. 
Milton Lowenstein 
New York, N. Y. 


for high-speed 


commutating— 


The mercury jet 


{ 


no contact bounce e long life 


LOsebCepe (mm cottliatsclejtele)eMucle-t mame), slaele MB Ce) amet Le-| 
cy beehe)bbel-Mh sels aome- be) e)bler-teleseMelseet-tuletmett-demj eae 
(as many as 10,000 samples per second), long 
life ahd low noise. Ideal for thermocouple 
cy bes olbber-Me-beleMe-leu-biele:s-let-cobeeleseticeratel-@icel-Matt-de 
speed analog to digital converter or oscilloscope 
display. 


Deltaswitch utilizes rotating jet of mercury to 
connect sequentially each of many stationary 
contacts through low-resistance path to a com- 
beete) eM ole) (= no brushes or slip rings. Operates 
satisfactorily from 1,200 to at least 6,000 rpm. 
Contact resistance approximately .25 ohm. 
Noise levels of less than 10 microvolts in most 
applications. Flexible dwell time. 


Copyright 1956 by Detroit Controls Corp. 


ry - HIGH 
\ e ORWOO0D reliability 


LOW 
maintenance 
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C, CONTROLS 
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UNIT OF DETROIT CONTROLS CORPORATION 
938 Washington St. . Norwood, Mass. 


Complete technical information available upon request. 
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mW DO TEST CORRS 


With the owing realiz that « t t r { 
ry P xpres + + + + Ruir 
rae six years ee + | 
r | A e +r + i 
r { r r + } + f 
+ 
t techr s, bor t 
re testing needs. Tt t | i 
t xible system for « curat t 
terist tape wound cores. Al f t 
pattern, amplitude, and rise time of the core driving signal, the B 
u extremely accurate measurements o 
re as well as the amplitude of the output pulse. And since it 
structed of unitized sections, the BCT-301 be expar 
to meet new testing requirements as they arise 
But the BCT-301 is more than just a t With it you get the benefit 
techniques and procedures which are now in everyday use at Burr 
1 are accepted practice among major core manufacturers. 
nterested in designing tape wound cores int your products, 
glad t nd y Iditional tail rmat on the BCT-301. Or 
you wish, have a Burroughs Sales Engineer demonstrate how the B 
c yet your core testing proaran ff NOW 





Figure (1) shows the peak voltage amplitude of the 
output pulse being measured with the calibrating 
voltage. For amplitudes less than one volt, 

measure nents can be made in millivolts. 

Figure (2) shows the calibrating voltage being used to 
measure pulse width at 10% of the amplitude. 





Burroughs Corporation + ELECTRONIC INSTRUMENTS 


DIVISION 


DEPARTMENT A © 1209 VINE STREET + PHILADELPHIA 7, PENNSYLVANIA 
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... with the BOoCT-Sol 


A Complete and Flexible Core Testing System 










1 has been designed expressly for the individual 
+ tina f suare | f Srec It provides precise cc ntro} 
r the frequer pattern, amplitude and rise time of the re % 
jriving signal, and allows extremely accurate measurements 
the witching time t tne core 1S wel| ws the ump! tude f the 
tout ¢ t comtr 1 of fiv basic sections, 
t whict replaced or expanded for other types 
Li eer 


Core Mounting Jig This low-noise test mounting jig applies 


tinht ro.r 


+ hac h, r 1¢ ned + minimize not n| pickup t 
the s naary, but a ther disturbances Caused by arr Ux 
tat te a vy r DODDIN s 


Pattern Generator The Pattern Generator provides extr 


x IK y Jenera } © } i 


+} r T } + r + + + y ~ ntr tne r 
‘ C r j 
P +i¢ rn { +4 c +} r her 
‘ 
: 


Current Drivers 





Calibrator The calibrator is designed to accurately measure 
currents and voltages. It permits the measurement of both the 
lriving current and the amplitude of the output voltage with an 


\A 


error of less than 1%. When used with a calibrated oscilloscope 


t makes possible highly accurate readings of switching time. 
bienne 2 \ : ' 
I ower Supply The power supply provides seven requlated 


< 


d-c voltag 
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RESPONSE 


This servo amplifier is designed 
for light-weight, compact, quali- 
ty performance. It complies with 
MIL-E-5400. 


A miniature 400-CPS chopper 
modulates a single input or the 
difference between two inputs. 
Overall amplifier time lag is 
negligible compared to a cycle of 
the supply frequency; signal out- 
put is in phase with supply 
power. 

You may be designing a new 
equipment where a DC input 
must be amplified. A chopper 
could help. Why not discuss your 
problem with us today? Airpax 
makes the chopper (Servo Corp. 
of America, New Hyde Park, 
New York makes the amplifier). 





SERVO AMPLIFIER USES 
AIRPAX 


+— - ++ +--+ — 





1} | 
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INSTANTANEOUS 











CHOPPER CHARACTERISTICS 


CONTACTS: Single-pole double-throw break- 
before-make contacts are rated for 100 volts and 2 
milliamperes. 

DRIVE: Drive coil operates from a nominal 6.3 
RMS volts at 400 CPS. 

TERMINALS: Plugs into conventional 7-pin minia- 
ture tube socket, or with solder lugs and flange 
mount. 

DWELL TIME: Nominally 147 electrical degrees, 
balanced on contacts within 15 electrical degrees. 
PHASE ANGLE: Nominally 65 electrical degrees 
lagging. 

INSULATION: 100 MEG between contacts and 
ground and 10 MEG from drive coil to ground. 
NOISE: 200 microvolts average and never greater 
than 1.5 millivolts peak-to-peak across | MEG. 
ENVIRONMENT: Hermetically sealed for opera- 
tion in any atmosphere and at any altitude; oper- 
ates under 0.06 inch total travel of vibration at 10 
to 55 CPS; undamaged by 5 G vibration up to 500 
CPS and 100 G shock; operates from —65 to +100 
Centigrade. Units also available for operation at 
+125 degrees Centigrade. 


DESIGNERS ENGINEERS 


MIDDLE RIVER 


BALTIMORE 20, MD. 
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| GENE GRABBE tramples 


Back in 1949 there was good reason to dis 
courage the idea of an airborne digital computer. 
After all, even without thinking about size, how 
many electronic digital computers were in existence 
and operation then? One, maybe two. And sincc¢ 
size had to be a factor, could these existing computers 
fit into a plane’s innards? Not if their 5,000 to 
10,000 tubes and 50-to-100 kw of power suppl had 
to go in, too, and they most certainly would have 
to. So it was understandable, when a group of 
outside engineers visited a Hughes development 
team in its laboratory eight years ago, that they 
would tell Group Leader Gene Grabbe that the 
proposed computer, small enough to be simply 
another component in a military system, would 
never get off the ground. 

But Grabbe’s team had already evaluated the 
alternate lines of action possible for its Digitac 
System, and on the basis of an analysis of this 
evaluation, uncluttered by “traditional” engineer 
ing and physics, it had made its decision. ‘The 
computer, carrying a dainty load of a few hundred 
tubes backed up by the then-new germanium diodes 
and the laboratory’s own analog-digital converters, 
did get off the ground. And with it soared Gene 
Grabbe’s personal engineering philosophy. ‘Thes« 
days he expresses it this way: “We need more 
people with training and experience that cuts across 
traditional lines of activity. In examining my pres 
ent activities, it appears to me that a great part 
of my effort is devoted to breaking down barriers 
and speeding interchange of information.” 

Karly in 1954, Dr. Eugene M. Grabbe joined the 
newly formed Ramo-Wooldridge Corp. Today, as 
senor staff consultant on automation in the Com 
puter Systems Div., he consults with other divisions 
of the company on computer matters, works with 
the company-wide Automation Steering Committee, 
and in many other ways exercises his great interest 
in digital computers and their application to con 
trol problems. Outside R-W, he averages several 
speeches each month on computers, business data 
processing, and automation developments, helps 
steer the Professional Group on Automatic Con 
trol as vice-chairman of its National Administrative 
Committee (he organized the Los Angeles chapter), 
acts as a consultant to Controt ENGINEERING, and 
lectures at UCLA on “Automation in Business and 
Industry”. He is preparing these lectures, which 
are based on material furnished by 21 authorities 
on control engineering, for publication in March 


by John Wiley & Sons, Inc. He is also working, 


\ CONTROL PERSONALITY 


Beloved computers form backer 


with Simon Ramo and Dean W 
another W iley book, this one a th 
book of Automation, Computation, 
Grabbe spent the 1930's getting 
cation, which began in 193] with t 


chemistry and mathematics at.the | 


Pittsburgh in his home state of | 
was born in Johnstown in 1912), a1 


with a PhD in physics from Yale In 
earned a BS in mathematics from Duk« 


an MS in physics from Brown 3 
post-PhD job was with U. S. Rubber 





on tradition 





physicist and group leader, his seco vith Hom 


Corp. as a technical consultant. | 
went to Hughes Aircraft 

Gene is a beekeeper, a_ pho 
enthusiast, a surf-fisherman, a1 1 ( 
Bet Your Life) contestant (CtEK, Ma 
lhese activities, most of which 
his wife Anien and their four ch 
Linda Louise 10, Ann Elizabeth 7 
take place either at their home in La ¢ 
or their beach house in La Mision, | 
Mexico, 40 miles south of the bord 


} 
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14-second 
ZlectnoniK recorder 


follows fast-changing variables with : 





Y e , 
7 ultanding VOCM features ° 
e Simplified design 
e Improved damping 


e High input impedance 


e Continuous standardization 
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@ REFERENCE DATA: Write for Instrument Data Sheet No. 10.0-21, 
“Va4-Second Pen Speed ElectronikK Recorder.” 


split-second response 





ESIGNED to meet the special data-recording re New design plug-in amplifier—has many times the 

quirements of experimental stations, laboratories, power output of standard units . . . features high input 
and research centers, the new !,-Second Pen Speed impedance, easy accessibility, flexible gain control, and 
ElectronikK Recorder fills an important gap between rugged construction. 


conventional large-chart recorders and oscillographic 


ba edecaiiiie New pen and carriage designs— prevent pen clogging and 


paper tearing. Ball point pen easily removed. Trans 


This new ElectroniK Recorder is the fastest large-chart parent cartridge gives visual indication of ink supply 
instrument available today . . . the perfect solution for 


New slidewire and contacts—Designed for long life 


high-speed plotting of any function that can be reduced ; ; 
under high speed operation. 


to a d-c millivolt signal. It offers the investigator ex- 


treme sensitivity, complete flexibility, laboratory pre- Your nearby Honeywell sales engineer will be glad to 
cision . . . the basic plus features of advanced Honeywell discuss ways in which you can benefit from the new 
design. In addition, the recorder incorporates many ;-Second ElectroniK Recorder in your research work. 
new features the research man will appreciate: Give him a call... he’s as near as your phone. 

Easy range change— All components of the potentiom- MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus 
eter bridge are located on one bakelite card. To change trial Division, Wayne and Windrim Avenues, Phila 
the range, merely put in the appropriate card. delphia 44, Pa.—in Canada, Toronto 17, Ontario. 


Honeywell 


it we Covtiols 


HONEYWELL 








WHAT'S NEW 


Watchdog Patman Hears Feedback . . . 


> industry 

> labor 

> schools 

> government 


_.. On Dangers of Technical Recession 


from: 


l'estif ¢ Dec. 12, 13, and 14 
fore Rep. Wright Patman, chairman 
of the Joint Economic Committee’s 
Subcommittee on Economic Stabiliza 
tion, educat instrument users, and 
trument manufacturers contended 
that measurement and control prac 
tice, far from replacing labor, is an 
ibsolute necessity if the available 


labor-time, expected to increase only 
5 1965, is to carry the re 
pro 
Che manufacturers 
pointed out that while they have a 


5 percent by 
quired 37 increase in 


ductivitv by then 


percent 


potential bonanza in the resulting 
multiplication of markets for thei 
products and_ servic they may not 
realize the potential unless technical 
manpower for applving and maintain 
ing their products is developed quickly 
ind thoroughly 

Cures proposed by witnesses in 


cluded 1 task force to 
study the problem, increased tax de 
ductions for tuition and contributions 
for technical training, a control engi 


government 


neering extension service, a centralized 
literature retrieval service at the Na 
tional Bureau of Standards, in-service 
training of draftees (to take a 


cue 





Sheen nter) and Rep. Wright Patman tha 
organizations with whom we have been 
1 h € 1 e ibor proble t] 
», without roadblocks 
26 CONTROL ENGINEERING 


Systems Entrepreneur A. F. Sperry (left) tells R. T. 


from Russia), and tax breaks for the 
small manufacturer of instruments 
Dr. Elmer C. Easton, dean of th 
College of Engineering, Rutgers Uni 
versity, explained that during the next 
ten years a relatively small percentage 
of workers must support a much larger 
percentage of children and elderly r« 
tired people. ‘This will require in 
creased productivity, the key to which 
is improved materials conversion by 
automatic the de 


machines. Because 


sign and application of the automatic 
equipment calls for control engineers 
well versed in analysis, design, and 
systems integration, iders will wel 


come Easton’s report that accrediting 
has recently fo 
cused on their ability to “impart com 
petence in engineering analysis, design, 


of engineering colleges 


ind systems”. Even though dissatis 
fied with the way students are pre 
pared for engineering colleges, he 
lauded the Engineering Manpowet 


Commission, the Edison Foundation, 
and the American Association for the 
Advancement of Science, all effective 


in increasing college output from 
19,700 in 1954 to 25,500 in 195¢ 
and to a probable 30,500 in 1957 





“But,” he added, that 
the colleges will produce the needed 
precaution must be 
these men effectively 


assuming 
engineers, every 
taken to utilize 
ror creative engineering 
He suggested that the engineer intern 
to get his industrial experience and 
that when subsequently admitted to 
full engineering status he 
by technicians just as the 


design.” 


“be aided 
physician is 


aided by nurses’. Setting a_ short 
term goal of three technicians pet 
engineer, he recommended ‘“‘that th« 
campaigns which have been so suc 


cessful in producing interest in engi 


neering now be turned to the tech 
nician”. (See page 18, Dec. "56 issue 
§ CONTROL ENGINEERING for addi 


tional discussion of the ratio. 
Feedback for the entrepreneur 


A switch from technical manpower 


i 


lacks to technical practice came with 
the testimony of A. F. Sperry, presi 
dent of Panellit, Inc., who described 


mechanization as extension of 


human 


an 


muscles, instrumentation 1S 


in extension of human senses, and 
systems engineering and data pt 
essing as extensions of mental cap 


Shortening Time Scales in Feedback Loop Improves Plant Control 

















(1) (2) (3) (4) 
Automatic Technical 
controllers Operators staff Managemeat 
Prewar 
(1920-1940 Sec—Min Min—Hrs Days—Weeks | Weeks—Months 
Postwar Sec—Min 
(1945-1954) Hrs 
Today 
(1955-1960) Sec—Min Hrs—Days Days—Weeks 
“the 
Future 
un (1960 —) Split Sec Hrs Days 


























GREBE: 
“Human 
resources 





bilities such as memory, mathematical 
manipulation, comparison, and deci 
on-making. He noted that “mainte 
nance costs are averaging about twice 
is high as direct labor, so it hardly 
seems as though a ‘second industrial 
revolution’ could result from further 
savings in manpower’. Economics lie 
n truly effective control of plants in 
which material and energy conversion 
losses are greater than direct-labor 
ost. He described four echelons of 
feedback: plant management, techni 

il operation, unit operation, and 
labor or (currently) automatic control. 
With the table he demonstrated to 
what extent the time scales of the 
four echelons of feedback have de 
reased since the pre World-War-Il 
period. ‘The systems engineer, who 
will articulate the four echelons, must, 
ontended Sperry, “have enough crea- 
tive imagination to hurdle the road 
blocks of tradition and, vet have the 
imate conservatism to draw on_ the 
experience of the past . » 80 Carry 
out his mission, design, build, buy, 
erect, and operate his project. 

“This is a pretty good description 
of the successful entrepreneur of 
\merican industry, and describes quite 
well the men who pioneered the indus 
trial enterprises that made us the 
great power of the world. Now, how 
ever, industry has reached the stage of 
omplexity where we must train such 
men by the thousands to create and 
build the industrial plant of the 
future, and we are not making sufh 
cient effort to get them.” 


l'echnical bankruptcy is avoidable 


Our engineers and scientists,” said 
Dr. J. J. Grebe, director of the Nu 
clear & Basic Research Dept., Dow 
Chemical Co., “have made it possible 
for our nation to increase its material 
conversion by a factor of two every 


25 vears, but on the effort of convert 





EASTON: 
“Three 

Ya alaliatelats 
per engineer” 


a 


ing human resources we have had no programs woul 
similar increase in efficiency; some say legislation prop¢ 
even a decline.” R. T. Sheen, im ind Sheen. Gr 
mediate past-president of ISA, warned ductions for ] 
that the measurement and control pending for 
field is in for a technical slowdown that the same n 
unless industry can way, doubk 
1) educate the current labor force funds. Easton 
2) increase the influx of technical of Bill S4lé 
personnel into industry federal aid for 
3) increase worker efficiency through Sheen, speaking 
regional instrumentation centers Roy Co., prop 
+) enhance worker effectivenes taxable income of 
through broader communications on contributed to 
techniques and equipment 

He urged: Bureaucracy gets in the way 

e technical institutes for training 

® engineering extension services in Jones recon 
the land-grant colleges (will this mean many economi 
county instrumentation agents?) burdens of th 

e more effective military training mature control 

e enhancement of the programs in @ breaking 
the National Science Foundation and expensive report 
in the Foundation for Instrumenta block the road 
tion, Education & Research oO prevalent 

e development at the National Bu vish to combing 
reau of Standards of a national center e effecting bi 
for information on control the small compan 

On behalf of ISA he proposed a R&D instrument 
task force to study the four basic Sheen added a 
needs and to apply his or similar 1 business to de 
recommendations first $50,000 of 

Thomas R. Jones, president of investment in 
Daystrom, Inc., added these recom ever method it 
mendations 

® government encouragement of Labor marks tim 
cross-fertilization of military develop 
ment and industrial adaptations Robert C. S 

© locally-based education similar to tary of Lab 
the engineering, science, ind Manage ning ind train 
ment training programs conducted fully complet 
early in World War II plant 1 new 

Neither Sheen nor Jones surveved ‘rowth in th 
the customer traming programs con mation ma t 
ducted by manufacturers in the trapolations of t 
measurement and control field, not Statistics indicat 
the 8,000 technicians which thes« fessional pe 
prt PTAMS IN prove is human TCSOUT Ii¢ l 
every vear (CtE, Dec. °56, page 55 thir t 
However, it is conceivable that th 
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WHAT’S NEW 


Puts Products 


and Particulars into 
an Intimate Display 


Behind the glass in the placard-lined corridor 
in the picture on the right were the product 
displays in a new type of trade show. If you 
like what you saw—you went in. But once inside 
there was no escape: your briefing was thor- 


ough, your indoctrination rigorous. 


held by the exhibitors in similar rooms offered 
even less diluted commercial schooling. Gen- 
eral concensus of attendees: we went through 


the mill but it was good for us. 


Meetings- and shows-conscious en- 
gineers faced a full week in New York 
last November. Three affairs drew 
them to the big citv. The annual 
meeting of the ASME started on Mon- 
day, the 25th, at the Statler Hotel and 
continued through to Friday with a 
complete program of technical meet- 
ings. Downtown, at the New York 
Trade Show Building, the Third In- 
ternational Automation Exposition 
opened on Monday, too, with five 
floors of exhibits, engineering-employ- 
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CONTROL 


Automation Show 


(If you 
were not a competitor, that is.) Morning clinics 


ENGINEERING 


ment recruiting offices, and classrooms 
for clinics. Uptown at the Coliseum, 
the Power Show claimed attention 
from control engineers interested in 
commercial and military atomic power, 
the IGY satellite, and prime movers. 

Notable at the Automation Show 
were the morning clinics. Here, man 
ufacturers proved, with either a hard 
or soft sell, how effectively they can 
instruct in the basic principles and 
applications of the instruments and 
equipment they make. The broad, in 
terested, and unrestricted attendance 
at the sessions gave the clinics the 
ippearance of extension 
manufacturers’ training programs. ‘The 
20 sessions, estimated by CtE’s Ed 
Kompass at 200-300 listeners per 
day, attested to the practicality of this 
method of dispensing instrumentation 
know-how. 

Ed also reported on one of the ses 
sions held by the Simulation Council 
at the Automation Conference. “This 
session was chairmanned by Jack Sher 
man of Lockheed Missile. After a go 
round on the virtues of analog vs. 
digital computers—which sounded a 


courses in 


ONE ROOM WAS UNFILLED 


lischer & Porter never did get its equip 


ment and people to the room it rented. 
Read its sign (on the door in the picture 


at the right) for the reasons why. 


a 


NOR ON 8 aN: sea a A IE Oe 


little one-sided since most of those at 
tending were council members repre 
senting analog computer manufactur 
ers—the mecting centered around a 
paper by Convair’s Stan Rogers. ‘This 
paper, on changes needed in analog 


computers, was read by John McLeod. 
‘Rogers based h 


two points undoubtedly influenced by 


onclusions on 


Convair’s particular experience 


1) computers continue to grow 


larger and more expensive; 
2) many computers are operated on 
two shifts per day, these shifts often 


dealing with quite different problems; 


this requires removal of one problem 
from the machine and sctup of an 
other. 

“The conclusion is to what's 
needed: more compact storage of setup 


data; more complete storage—includ 


ing scale-factor pot settings, function 
generator settings, initial condition set- 
tings, ctc.; such storage 
parallel for speeding setup time; new 
patchboard verifier 
and print out any changes made sinc« 
last setup; an 
checking system such as used on many 


should be 
to list connections 

’ 
marginal 


iutomatic 


digital computers to catch failing com 


difficulty 


ponents before thev caus« 
during a problem run 
“Most of those attending this meet 


ing predicted that digital techniques 
would be part and parcel of setup and 





BEHIND ‘THE GLASS 


HERE ARE SOME OF ‘THE ‘THINGS THEY SAW 


Ree ES 





Berkeley's DO/IT computer packed the room. 


Three full floors of the New York Trade Show Building held display-window 


room exhibits of product. 


Another similar floor was completely devoted to 


recruiting rooms. And there was a single old-fashioned open floor exhibit on the 
second level of the building. As the pictures at the right indicate, the exhibits 
included a good stress on computing techniques (there were eight computer 
makers with displays), a strong emphasis on the rapidly developing machine tool 
control field (three working machine control systems were on view, at least a 
dozen other firms specializing in this area had exhibits too), and a broad array 
of new (see Doelcam proximity switch line below) and old hardware for mechan- 


izing production lines. 


Also included: a fair amount of specialized hardgoods 


measuring equipment such as interferometers, torque and load transducers, dry 


product weight pick-ups. 


hecking circuits in future analog com- 
uters. Goodyear said it expects to 
how such a version of GEDA in a 


few months, while Berkeley was al 
idy displaving its new EASE 1100 
Lhe hew ] ASI foes 


ong wav in mecting the needs es- 


inalog compute! 


iblished during the discussion of Rog 
paper and got a good play from 
show. On the EASE 


1 
+ 


1¢ crowds at the 


1100, pot settings can be made manu 
lly or via a typewriter that prepares 

punched paper tape Lhe digital 
data from th« tape are converted to 
inalog by stepping switch voltage di 


viders, and high gain servos set the 
pots to match this analog voltag: 
Setup time Wings 74 
from § hours to 


claimed hours 
4 hour for a typical 
large problem). ‘The pots can be 
trimmed manually to correct initial 
sctup errors and optimize coefficient 
values; then a new tape can be made 
1utomatically, and this becomes the 


master for future setups.” 


OTHER CONTROL CONCLAVES 
ASME-IR Division 


ASME’s annual meeting included 
sIx sessions sponsored by the Instru 
ments & Regulators Div., some of 
these in conjunction with other divi 


sions Keeping up their reputation 
for advanced contributions, the com 
mittee and the authors barraged lis 


teners (30-60 per session) at the 
New York Statler’s Keystone room 
with a wide variety of papers 

Control system stabilization, an 


ilvsis of nonlinear svstems, design of 


servos, mechanical pressure elements, 
frequency response representations ot 
temperature measuring elements, and 
ontrol equipment ind computer ap 
plications came in for full treatment. 

One of the livelier sessions was spon 
IRD’s Systems 
Here, seven authors gave 
rundowns on 
schemes on which they are working 
but which have not vet reached the 
status warranting a full-fledged tech 
nical paper. Discussions following 
presentation of the ‘Technical Mem 
oranda” attested to the value of this 
session Phe nonmathe 
matical presentation, restricted to one 
or two major points of interest, al 
lowed the audience to easily follow 
the speakers’ thoughts and to come 
back during the periods 
with straightforward comments, ad 
vice, and questions. Authors and lis 
teners alike seemed to gain from this 
unique session 

Rufus Oldenburger, in another ses 
sion, showed that system stabilization 


sored by Dynamic 
Committec 


5-min projects and 


essentially 


discussion 











Reeves’ “Electronic Juggler” entranced. 





Bendix intrigued with infallible gambling. 


iINCNWORM 


People viewed Airborne’s “Inchworm” 





The new Doelcam line 


got rapt attention. 
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NOW 
greater accuracy for 


ANALOG COMPUTERS 
with the 


VERNISTAT® 


a.c. potentiometer 


In analog computer design, where 
system accuracy is directly related to 
the accuracy of the computing ele- 
ments, the new VERNISTAT az.c. 
potentiometer meets the most exacting 
design requirements. The VERNISTAT 
overcomes the severe limitations placed 
on computer performance up to now by 
the use of conventional potentiom- 
eters. Errors introduced by loading, 
phase shift and wear are substantially 
reduced. 

The VERNISTAT a.c. potentiometer 
represents a truly fundamental advance 
in pre cision potentiometer design. The 
combination of a tapped autotrans- 
former and an interpolating resistance 
element overcomes the limitations of 
the purely resistive potentiometer. The 
VERNISTAT principle provides inher- 
ently high linearity, low output impe- 
dance, very small phase shift and long 
life. Relatively high output current 
capability and the ease with which 
nonlinear functions may be generated 
are plus features of the VERNISTAT. 
The unit is normally supplied as a ten- 
turn version and it may also be arranged 
for continuous rotation, 

Use of the VERNISTAT potentiom- 
eter in analog systems results in a 
general improvement in performance 
characteristics. Greater simplicity, 
through elimination of isolation ampli- 
fiers is often an added dividend. 


For further information write to: 


istat 
division 
PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
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DOWN THE CORRIDORS of the 





Automation Show in New York went the job 


seekers. Some dubbed this part of the show the “labyrinth of opportunity”’. 


” 


nit 


dij 
q 


INSIDE ONE RECRUITING ROOM Mergenthaler had unusual success with 


“atmospheric’’ display. designed to acquaint visitors with the careers awaiting them. 





could be obtained, under certain sim- 
ple conditions, by injecting a large- 
amplitude high-frequency signal into 
the system. In two companion papers, 
l'aylor Inst. Cos.’ Geraldine Coon 
ind Bob Looney showed: first, that 
the temperature-measuring elements 
in most processes can be represented 
by a single order lag for those cases 
where the element does not contribute 
appreciable (less than 30-deg) phase 
lag of the total allowable 180-deg lag 
in the open loop; second, that this 
ipproximating time constant can be 
determined from the properties of 
the fluid being measured as well as 
from the parameters of the measuring 
system. ‘These latter papers are ab- 
stracted starting on page 191. H.R.K. 


Eastern Joint Computer 
Conference 


The Eastern Joint Computer Con- 
ference convened in New York City 
Dec. 10 for a two-day session on “New 
Developments in Computers’. From 
the papers presented the trends appear 
to be toward: high speed—typically, 


IBM’s STRETCH, which will use 10- 
megapulse circuitry, and RemRand 
UNIVAC’s LARC, which _ utilizes 
multi-level switching; more solid-state 
devices—transistors, ferrite cores, fer- 
ractors, are sharing the spotlight to the 
exclusion of vacuum tubes in most 
new designs; large-capacity short-access- 
time memories Lincoln Lab’s 5- 
megapulse ‘T’X-O transistor computer, 
for example, uses a fast 
netic core memory of 65,536 19-bit 
words; random access memories 
ElectroData’s DATAFILE is the new 
est, with a capacity equal to about five 
magnetic tape machines and an aver- 
age access time of around 12 sec. 

One computer, Bel! Labs’ LEPRE 
CHAUN, which uses over 5,000 tran 
sistors, is designed with extreme flex- 
ibility in its logical interconnections 
for research in programming and logi 
cal design of digital computers for real 
time control. 

Because of our primary interest in 
control applications of the computer, 
we can't resist quoting England’s 
“father of radar’, Sir Robert Watson- 
Watt, who quipped at 


iccess mag 


1 press lunch 








FISHER GOVERNOR COMPAN Y 
MARSHALLTOWN, 1OWA + WOODSTOCK, ONTARIO 





PRECISION 


from FORD INSTRUMENT 





BARREL 
CAMS 


e offered in a variety of types 
e with tolerances to +0.0005” 


e for wide range of computing 
and motion applications 


Whatever your computing or motion 
application, Ford Instrument cat 
make the cam to meet your exacting 
needs...3-D Cams, grooved flat cams, 
external flat cams, grooved cylindri- 
The Company's 
cam-production facility 


cal Cals. unique 


and many 
years of experience — guarantee un- 

1 , 
matched performance in this field. 


FREE — Fully illustrated 
data bulletin gives speci- 
fications and perform- 
ance informatior Please 
address Dept. CE 





52 


(@ FORD INSTRUMENT 


COMPANY 
Division of Sperry Rand Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument’s standard components 


Gy 


Rate 

















Servo 
Generators Differentials Motors | 
? 7 
Telesyn Telesyn 
Resolvers Integrators Synchros 
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Electronic Associates set 
up its analog computer in 
the digital camp, and Eps 


co exhibited the analog 


to-digital link. 
eon, Giant brain | in pro 
vided they are properly matched to 
eves, ears, noses, and so on....” Sit 
Robert exhorted the assembled com 
puter engineers to develop an “ac 


cepted glossary of terms into which 


potential com 


the specification of the | 


puter users’ problems can be dis 
sected”. ‘This could then become 
the language of communication be 


tween the users with their varied prob 
lems, and the manufacturers who un- 
their. machines’ capabilitics 
is mathematics is a universal 
language to mathematicians anywhere 


in the world E’.].K. 


derstand 
much 


2nd IRE Instrumentation 
Conference 


“Atlanta’s Biltmore 
scene of the second IRI 


Hotel was the 
Instrumenta 


tion Conference on Dec. 5-7,” reports 
Georgia Tech’s Mario Goglia. “‘Som« 
SUU people attended, of which 250 
were paid registrants. ‘This registra 
tion was much lower than last yea 
ind was attributed to too broad a 


werage of material with consequent 


lowering of the level of papers and to 
the fact that the conference started 
in midweek 

‘The Atlanta section of IRI spon 


sors this affair as a regional activity of 
the Professional Group on Instrumen- 
tation. Based on the experience of 
this meeting the planners are going to 
restrict the topics next year, raise the 
level of the papers to be presented, 
and thus try to attract national atten- 
tion 

“The papers at 
were on solid-state devices 
the keynote paper of the 
McMahon’s discussion of the 
transistorized Parish’s 
out- 
of-sight control instrumentation was a 
close second in caliber. 

“The exhibits held in conjunction 
with the technical sessions 
cellent. About 100 
played computing equipment, 


this session 
Probably 


conference 


salient 


Was 


core memory 
paper on phase-angle analogs in 


were eCx- 





companics dis- 
tele- 
phone circuit devices, precision instru- 





uit television 


mentation, and closed-ci 
with ingenious adaptations.” 


ISA Foundation Elects Two 
Officers, Plans for Future 


Moving along at a dignified pace, 
the ISA’s new Foundation for In 
strumentation, Education & Research 
has planned an early-in-the-year (Feb. 
24) meeting in St. Petersburg, Fla., to 
start rolling on many of its important 
projects. Formal organization of the 
foundation is already whipping inte 
shape: Rex Bristol of The Foxboro 
Co. is temporary chairman of the 
board of trustees and R. Croft of 
J. H. Whitney Co. is secretary-treas 
Both were elected at a get-to- 
gether in New York last December 
of the foundation’s trustees 
ing of the following: A. O 
president of Beckman Instruments, 
Inc.; R. J. Jeffries, assistant to the 
president of Daystrom, Inc.; C. D 
Jolliffe, first vice-president of RCA 
I. R. Jones, president of Daystrom; 
W. Kushnick, executive director of 
ISA: Robert Sheen, Milton Rov Co.: 
J. I’. Vollbrecht, president of ISA and 
president of Energy Control Corp.; 
ind Bristol and Whitney. 


urer, 


consist 


Beckman, 


ISRAELI COMPUTER 
with high-speed memory 


Research programs at the Weiz- 
mann Institute in Israel will be solved 
faster with the new high-speed mem 
ory installed in the institute’s giant 
computer. The memory, supplied by 
lelemeter Magnetics, Inc., of West 
Los Angeles, was shipped to Neho 
voth, Israel, last spring. The computer 
was assembled under the direction of 


Dr. Gerald Estrin, formerly of the 
Princeton Institute of Advanced 
Study. "With the new memory, the 


Israeli computer operates with a day 
shift only; formerly, shifts 
worked around the clock. 

The only high-speed digital elec 
tronic computer in the Midle East, 
the Weizmann Institute’s ‘giant brain’ 


three 








The most important announcement 


in modern oscillograph history... 


the dramatic/new Honeywell direct-recording 


SICORDE 


All at once you can record and read the record of the Visicorder. 
Using a completely new direct-recording principle, the Visi- 
corder puts six channels on a direct-reading record at sensitivities 
comparable to photographic oscillographs, and at frequencies 
from DC to 2000 cps! 








HONEYWELL 











THE et EW VISICORDER, perfected after years of research by the 


Heiland Division of Honeywell, combines the high frequency and high sensitivity characteristics 
of photographic oscillographs with the convenience of a direct-recording instrument. 


By means of a completely new type of recording paper, light source, and optical 
system, the Visicorder makes use of mirror-type galvanometers to record phenomena from DC 
through 2000 cps without peaked amplifiers or other external compensation. 

The record requires no liquids, vapors, powder magazines, or other processing 
materials. Development is accomplished by external light only as the record emerges from 
the oscillograph. 

The Visicorder records are stable and require no further processing under normal 
conditions. They may be subjected to room light for extended periods without fading, and 
are permanent indefinitely when protected from light. Should it be necessary to subject the 
records to direct sunlight, they may be chemically ‘“‘fixed”’ (in room light) using conventional 
photographic practices. 

Visicorder records are reproducible by several methods using commercially avail- 
able equipment. 

Since the Visicorder operates on light-beam galvanometers, traces may deflect the 
full 6” width of the chart, peak to peak, and their deflection is not limited by adjacent channels. 

The remarkable exclusive features of the Visicorder make it the ideal recording 
oscillograph for applications where readable, permanent analog records are required and for 
additional uses where the measured phenomena need to be monitored or where immediate 
recorded results are desirable. 


GENERAL FEATURES 


FREQUENCIES From DC to 2000 cps without peaked amplifiers or other compensation of 
any kind. 
SENSITIVITIES Comparable to photographic-type oscillographs. 
RECORDING METHODS Records directly on paper which requires no powder magazines, liquids, vapors, 
or other processing. Records are immediately visible and usable. Daylight load- 


ing. Accommodates recording paper 100 feet in length. Indicator shows unused 
recording paper available. 


NO. OF CHANNELS 6 channels on 6” wide paper plus provisions for two timing traces. 
DEFLECTION 


Full 6” peak to peak. Traces may overlap; not limited by adjacent channels. 
RECORD SPEEDS 0.2, 1, 5, and 25 inches per second, minute, or hour. 
GALVANOMETERS 


D’Arsonval-movement mirror galvanometers with choice of natural frequencies 
to suit individual requirements. 


AMPLIFICATION None required for most applications. 
POWER 115 volt 60 cycle AC operation. 4 amperes. 
DIMENSIONS 10” height; 15” depth; 10” width. 
WEIGHT 37 pounds, complete and ready to operate. 


PRICE $2,500.00, less galvanometers. Galvanometers $150.00 each. 


Deliveries starting January, 1957 












@ THE VISICORDER is the first and 


only photographic-type oscillograph that can be 
loaded with recording paper in daylight. The 
paper speeds can be selected while the instru 
ment is in operation. The light spots from the 
ralvanometers are isthble from the exterior at 
their point of contact with the paper; thus phe 
nomena can be monitored simultaneously with 


their rec ording 


@ GALVANOMETER ADJUSTMENTS 











may be made through i pane l-« ered opening n 
the back of the instrument. Othe perating 

power on-off lamp witch, pape ] r nd 
paper speed are lox ited on one I enient |] ne 
Galvanometers are of the far H nd 
solid-frame type: high sensitivity irate b 
high stability, low drift, in a ver e range 


of frequencies and sensitivities 






€) SERVICE on the Visicorder is 


extremely easy, since the instrument 
opens completely as shown. All compo 
nents— galvanometers, recording lamp 


transmission ire completely accessible 





ISICORDER APPLICATIONS 


The versatile Visicorder will fit almost unlimited applications 
because of its high frequency and sensitivity characteristics, and because of 
its ease of operation. 


In any application where instantaneous monitoring is needed, whether or not 
a record is desired, the Visicorder is ideal. 


In CONTROL applications the Visicorder will continually monitor and record reference and 
error signals, and present an immediately available recording of information. 


In NUCLEAR applications, the Visicorder will monitor and record temperatures, pressures, 
and all other phenomena needed. 


* In PRODUCTION TEST applications, the Visicorder will provide a final dynamic inspection 
of electrical and mechanical devices such as motors, relays, generators, governors, solenoid 
valves, etc., where high frequency response has been required, but unavailable in the past. 


In COMPUTING applications, the Visicorder will provide immediately-readable analog re- 
cordings representing dynamic solutions at much higher frequencies than have ever been available 
via pen-—and-ink-type recorders previously used for this work. 


*® In PILOT and COMPONENT TESTING, the Visicorder will accomplish more rapid 


evaluation of design and prototypes than any other direct-writing oscillograph available. 


In MEDICAL applications the Visicorder is useful for dynamic blood pressures, electrocardio- 
grams, EEG, and other physiological measurements. 


In all TEST applications the direct-recording features of the Visicorder are invaluable. Where 
complex tests involve the assembly of considerable equipment and the gathering of personnel, the 


immediate Visicorder record will prove the success of the test at once before the test equipment 
is dispersed. 


For further information about the Visicorder, contact the Minneapolis-Honeywell Industrial Division Sales 
Office nearest you. Sales-service facilities in over 130 principal cities throughout the world. 





700-C Series Recording Osciliographs MiinnWeaA Pow s 

Galvanometers Hone WW II 

Bridge Balance Units ' Eo 
Amplifier Systems 


HEILAND Photo-Flash Equipment H EILAN D | N STRU M ENTS 


5200 E. EVANS AVENUE+ DENVER 22. COLORADO 
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purpose 
ophysical surveys and 
In general, the 


ut will further “the develop 
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All Around the 
Business Loop 


Por th t part, MecGraw-Hill’s 
Dept. of Economics observes in it 
D t on the nation’s bu 
ut | ntrol makers and thos« 
th phi of the control field 
da gs ear in 1956 and in 
xpc ta tter on n 1957. For ex 
Hpit 
[he machine tool industry had the 
peacctime year in its history 
Shipments this year will run about 
S875 m 1, one-third more than in 
1955. Backlogs on the books of ma 
line tool builders still represent seven 
mths of activity at peak production 
ite Shipments in 1957 should run 
t least 1 yercent above the figure 
f 195% Lhe McGraw-Hill new 
Y f metal-working machiner 
int t better vear ahead: new 
dc h een running about 
if VCal gO 
Output tf the instruments and 
nadust IS up ibout 15 pci 
it 56 |but, interpolate Ctl 
t { nvestinent im ney 
i( int hy the ( ime com 
in vill down 5 percent in 
)57 New ders ran one-third 
th than a vear ago, so the 
t t tl industrv is also very 
ight. It xpected that shipment 
t istrument ind controls in the 
thead will run about 25 percent 
1 L95¢ ind, sa the editors, +4 
ercent above 1955 
Ih th manufacturers of 
trical apparatus are having the best 
ir in their histor Output is up 
15 percent over a year ago Jand, it is 
ul, will rise 27 percent above 1955 
n the ye just beginning New 
business has been coming in faster 
than shipments going out, so back 


Part of Mag 
netics high-speed memory 
installed in the 


lelemeter 


is shown 
Weizmann Institute's dig 
ital computer. This view 


ferrite matrices. Each ma 


digits. 

ment of agricuitu icddust 
cial progress of Israel 1 order t 
idvance science to t] t 1) ) 
na 

gs hi mitint t ( r 
iN 1¢ n this fiel ugh 
rders to turn ut hea ect 
equipment t 1} n ing rat 
through 1957—an h | bi 

‘ output lett { | P 

duction of clectri tus n ul 


P Six vcars 


Makers Association went t after 
number of maverick tern ised t 
describe the res] f idustri 


shows one of forty similat 


trix can hold 4,096 binary 


Recorder-Con- 
troller Section of Scientific Apparatus 


l 


instrument Last N mber the 


undup was com] 
trotted in docilely and were worke 
up 1 
1955 
December, 


, 
ered for idoption | erman 
| 


when they will be consid 


nto ‘Tentative Standard RC3-12 
~ which will hold them until nex 


SAMA de TCC 1} Ly embet 1957 


date, though barely I tt. Wi 
ictually terminate tw 
cration on the new t dare t 
ime effective at t ri tf 19995 
Was Kept under wraps wh tor 
hanges Wwcr't | WW Wa 


SAMA ha 
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three terms—accuracy, e1 , an ns 
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nd frequently th 
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Ihe several definitions that start 


used with a varietv of meaning 


“Gentlemen. 


this PE unit 

will virtually 
eliminate 

human error’ 























Mr. Slydruhl took a bruot Eter 
Leave but he w about to say 
Autron PE unit is the smallest made 
the U.S about the ze of thin 


Since he plans (pard planned) t 
use many of these t omplex C 
trol system, he Rest In Pe ’ 
glad they cost only $10.65 « T 
shockproof unit nplete 

needs nothing put but light. It 
have a complex t prot 

it... preferably ay St p 
Press. We want to KEEP r ' 


The model 6350 Miniature Photo-Electric 
Detector is an ultra-miniature element 
of high sensitivity and extremely rugged 
construction. Its small size mokes it valu- 
able when space is at a premium. The 
unit will provide 300 MV at 100 FC into 
1 megohm or 20 MA at 100 FC into 100 
ohms. 
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RAMBLINGS OWN 





INSTRUMENTATION 


bad 


Great Gaspirations 


Last month we put ourselves on the record 
with the statement that, after 30 years of 
gas analysis experience, we are more sure 
than ever that there is no simple, single- 


package 


solution to all gas sampling 


- 
problems 


One of the benchmarks of gas analysis 
progress we lay claim to is our develop- 
nent of a device that solves the special 
problems encountered in obtaining an ac- 
curate O» sample under conditions of high 


dust loading and Sahara-type temperatures. 





This we call (gasp! the Gaspirator. In 


the Gaspirator we use steam as the 
vehicle to extract the gas sample. Reason 
is that water, the usual operating medium, 
is apt to liberate oxygen to such an extent 
that it louses up the sample (up to 1% 
O2 from a gpm of water when drawing a 
sample of about 14 cfm.). Steam, on 
the other hand, delivers the sample pure 
and unsullied to the analyzer, then 1s 
knocked out by a condenser and grace- 


fully retires 


The Gaspirator makes it possible to get 
accurate O» measurements in many appli- 
cations where it was previously quite 
difficult or even impossible—such as 
cyclone furnaces; oil, gas, or stoker fired 
boilers; cement or lime kilns: or process 
1500° F, 


stainless steel gives up, a water-cooled 


heaters. Above where even 
version of the Gaspirator is used, good 
for temperatures up to 3200° F. 

If you have a specific problem in O» 
sampling, or anything else in the gas 
analysis field, why not drop me a line. 
Chances are, your problem really is dif- 


THE HAYS CORPORATION 
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ferent And chances are, while we won't 
have a ready-made solution we can find a 


way to solve your special problem. Try us. 
Adventures in Disc Jockeying 


A neat but not gaudy bit of mechanism is 
the Continuous Integrator we developed 
a 


in a component of the Hays Electronic 


Flow Meter. Problem: Totalize flow on a 
continuous (not intermittent ) basis regard- 


less of degree of variations in rate of flow. 
We started with a motor-operated GS 


ope t 
f\ 
, \ 
anda i 


SS, 


drive wheel disc for it to drive 


... added a shaft, some “Xp gears and a counter 
_"e 


.. and put them all together 







COSTAMY SPeeD 
ORWE weer 


to spell 


Integrator 


Move AcCcORDING To 


FLOW ( Pew Dane MOTOR 
MECHANIIM 


Here’s how it works: the drive wheel re- 
volves at constant speed while the speed 
of the driven disc varies according to its 
position on the diameter of the drive 
wheel. Said position is determined by 
rate of flow, translated through linkage. 
Built to last longer than you or than me, 
the Hays Continuous Integrator works 
like a charm, and is, by the way, the first 


commercially successful unit of its kind. 


Details, complete and unexpurgated, are 


¢ 


yours for a postcard 


Incidental Intelligence 


Currently sweeping the nation’s R and D 


bulletin boards, we are told, is this gem: 
‘The most important thing in research is 
to recognize a dead horse and to bury it 


with the least possible ceremony.”’ 


(¢ \era 


Executive Vice President 


MICHIGAN CITY, INDIANA 


WHAT’S NEW 


the standard indicate its objective 

Accuracy of an Instrument’, for ex 
ample, is defined as that number o1 
quantity which pinpoints its limit of 


Other general definitions: *‘] 


CTTOT. 

ror of an Instrument’, the ditferencc 
between the indication and the tru 
value of the quantity bemg measured 
“Limit of Error of an Instrument”, 


the maximum error throughout the 


scale under specified conditions; “Ac 
curacy Rating of an Instrument’, the 
limit which errors will not exceed 


when the instrument is used under 
specified operating conditions’. 

Also defined are: “Scale Units’, the 
units of a measured variable shown on 
the scale, such as degrees ] . 
‘Scale Span”, the 
between the top scale value and the 


bottom | 


psi, etc 


ilgebraic difference 


: 
scale value expressed in scale 


units: and “Scale Length’, the dis 
tance traveled by the indicating 
pointer or pen from on end of the 
scale to the other here may be 
two distinct values for indicator-re 
corders, one for the indicating scale 
and one for the recording. scale. 


More specific definitions cover ac 


curacv rating, test conditions for de 
termining SAMA _ accuracy rating, 
dead-band, ultimate sensitivity, unit 
sensitivity, response time, response 


time for substantially exponential re 
sponse, and test conditions for deter 
mining SAMA response time Un 
der “Calibration Equipment” in the 


section on test conditions for deter 
mining accuracy rating, SAMA has 
this to say: “Calibration cquipment 
with a known accuracy at least ten 
times that of the instrument under 


test is desirable 


Copies of Tentative Standard RC3 


12-1955 can be obtained by writing 
to the Recorder-Controller Section of 
Scientific Apparatus Makers Associa- 
tion, 522 Fifth Ave., New York 36, 
N. Y. 

> The First National Bank of Boston, 
the oldest in the country and _ the 
largest in New England, handles 


200,000 checks a day, or 55 million 
On a typical day it 


every year. also 
takes care of 19,000 deposits and a 
large volume of stock transfer work 
It is, to put it mildly, a very busy 
bank indeed. Just recently word was 
received that a new employee was 


coming to work for lirst National, an 
employee that can read and write at 
the rate of 60,000 digits per second, 
can handle simultaneously 1,000 mul 
tiplications, 4,000 additions, or 5,000 
comparisons, and values itself at $1.75 
million. 

[ts name is Datamatic 1000, and its 


AccuRay electronic brain gets mechani ii ee 
muscle power from Cleveland Speed Variator 


the AccuRay Cigarette 
gage controller, built by 


Industrial Nucleonics 
Corp., Columbus, Obio, 
employs Cleveland Speed 
Variator size 4K4, driven 
at 1200 rpm input. 





ATIONALLY famous for checking and con- 

trolling the making of Chesterfield cigarettes, 
AccuRay depends on a Cleveland Speed Variator for 
the delicate job of adjusting the tobacco feed rate in 
response to impulses from the gaging mechanism. 
Being infinitely variable, the Cleveland Speed Variator 
gives stepless speeds over a full 9:1 range — from 
¥Y;5 to 3 times input speed. Output speed on this 
application is adjusted automatically by a regulating 
motor mounted on the Variator — but could be regu- 
lated manually or by remote controls of other types. 
Available in eighteen standard types and sizes, the 
Cleveland Speed Variator offers these major advan- 
tages: 1. An extremely compact unit with input 


and output shafts in line and rotating in the same 
direction; 2. Almost any input speed up to 1800 rpm 
can be used — either clockwise or counterclockwise 
rotation; 3. Rated for constant horsepower output 
over a 9:1 range, or for constant output torque with 
a 6:1 range; 4. 
speed range; 5. 


Infinitely variable over the entire 
Rapid response to speed change, 
precise adjustment, and accurate maintenance of speed 
settings; 6. Long life and minimum maintenance 
due to absence of belts or complicated linkages; 
7. Ample bearing support for overhung pulleys on 
either input or output shafts. 


Write for Bulletin K-200 for detailed description 
with photographs, sectional drawings, rating tables 
and specifications. 


Speed Variator Division, 3260 East 80th Street, Cleveland 4, Ohio 


Sales Representatives in all major industrial markets ¢ In Canada— Peacock Brothers Limited 
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THE CLEVELAND WORM AND GEAR COMPANY 











Bring a MIL Synchro to the 
1.R.E. Show New York march 18-21) 


Booth 3230 


and have it tested on the Muirhead Test Equipment, 


for IISV 400 c/s Control Synchros MIL Types II, 15, 18 and 23. 
Muirhead Synchro Test Equipment can be supplied with special 
adaptors for near MIL Synchros. 

The equipment is fully described in Publication 7741, 


available on request. 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Avenue, New York 22, N.Y., U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED, STRATFORD, ONTARIO, CANADA 


MUIRHEAD & CO. LIMITED, BECKENHAM, KENT, ENGLAND 
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WHAT’S NEW 


installation at birst National will 


only its second sin its development 
the first is to | it Michigan Hos 
pital Servic \ duct of Minne- 


apolis-Honeywell aud Raytheon Mfg. 
Corp., which t | Datamatic 


Corp., the dat ocessing and com 
puting system wi » to rk in Bo 
ton on one of thi gest bookkeepin 


operations im the U.S. Proof: it will 
take ten magnet { ly \] b 
of storing 37,. digit f in 
formation, to make up the daily ma 
ter file for th Wn 0.000 stocl 
records in its St inster Section 
Despite it posting fo 
this partic ulat | expect to 
Datamatic Iess than an h 1 day 

\ bear for w lirst Nationa 
machine will ; 4 Hill othe 


breaches whe 


ind sorting ch t printed im 
magnetic mk ig 1 consul 
ind busines nd grappling wit 
stock transfei tion Awaitin 
it will be such th nal tru 
iccounting, p ind expense d 
tribution, and ther types of tran 
ictions which the bank may go int 
as it continues to § 

> A major bottleneck confronting even 
the newest computers has to do with 
output speed One solution (Data 
matic’s, abo will be to read and 
sort according to magnetic printing. 
But there a th n the works 
too, and among th xcrographi 
printing, which will be a joint develop 


ment of Stromberg-Carlson Div. of 
General Dynamics Corp., Haloid Co., 
| ’ 


ind Horizons, Inc. ‘The plan ti 
combine S-¢ Charactron shaped 
beam cathode-ray tube, a component 
of the SAGI tem, with xerography, 
1 fast, dry, elect tatic printing proc 
ess pioneered Haloi Horizons’ 
role in the pt t will be principally 
research, and it will be sponsored in 
this activity by H ( 

> Another joint entu thi one 
looking toward tablishment of tw 
independent sources for a vei 
subminiature rate ¢ ( has been 


launched by Sanders Associates, Inc., 
of Nashua, N. H ind ‘The United 
States Time Corp. of Waterbury, 
Conn. Before th igreement, San 
ders made the missile and_ instru 
mentation omponent  exclusivel 
then sold it to | S. ‘Time for resale. 
Now ‘Time, with new research labor 


tories it [rvington-on-the-Hudson. 
N. Y., plans to « lop the gyro and 
related instru n its own an 
market them undcr if vn label 
>A new laborat engineering 







THE WORLD'S MOST ACCURATE and RUGGED 


FOR ACCURATE MEASUREMENT time measuring instrument... 

OF ELAPSED TIME... THE STANDARD PRECISION TIMER 

AS CLOSE AS 0.001 
OF A SECOND 











} , y “A “s ee 4 Pass. Nevada T elementc re 

> 9 os a ba , . ed t — ete roe 

THE STANDARD PRECISION TIMER | 2: reece 
is the indispensable STOP watch in laboratory and test cell, on Send Today for Bulletin No. 198 
experimental nuclear projects, precision production, check and 
final inspection. Many important applications in almost every 


industrial plant and research laboratory. THE 

Built in many different ad Scale 

vanced designs both Model Divisions | Totalizes Accuracy |) eas | if o- 

panel mounted and port- 

ible case Lo meet almost s+ y = ‘ : ; TIME COMPANY 

every conceivable need for : , . . on on ae Springfield 2, 

the precise measurement of — pei sien —- Massachusetts —_ 























time. Synchronous motor joe I 

drive. Electric clutch con i = ‘i | | | 

trolled by manual switch, ws statis l THE STANDARD ELECTRIC TIME Co. 

= . ‘ ‘ : se 36 

automatic switch or output 105 Logan St., Springfield 2, Mass. 

of electronic tubes. Manual : | | 

or electric zero reset. | Please send Bulletir | 

| ee | 

-- — } > | Fir | 

: (=<) | | 

= + ' | ddr | 

= _ é \ 
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Whether you make foods, plastics, metals 


have you ...there’s a Partlow Temperature 


just right for your own operations in the 


—30°F. to 1200°F. 


Direct acting . . . interchangeable elements 


calibration long life... low initial cost 


For use with ges, oil, steam or water valves 


equipment. 


NO MATTER WHAT YOU MAKE... 
PARTLOW TEMPERATURE CONTROLS 
WILL HELP MAKE IT BETTER 








i PIONEER IN MERCURY THERMAL CONTROLS 


or what 
Control that's 


range from 


- accurate 


Ow upkeep 


or electrical 


SEND FOR CONDENSED CATALOG. 


THE PARTLOW CORP., Dept. C-257, NEW HARTFORD, N.Y. 


Offices in All Principal Cities 
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PUT YOUR 

PRODUCT 
IN THIS 
SPACE 




















WHAT‘’S NEW 


building near the Un ty of Much 
igin will be the home of Bendix Avi- 
ation’s recently organized Bendix Svys- 
tems Div., “an outgrowth,” reported 
Bendix’s President Malcolm P. Fergu 


son, “of the new engineering concept 
led the svstems approach”. Gen 
cral manager of the new arm, which 


will concentrate on weapons systems 
requirements of the Dept. of Defense, 
is Russell D. O'Neal, former! 

of the Systems Planning Group. [He'll 


have about 1,000 men—engineers, sci 


v director 


entists, and supporting personnel—un 
der him within three to five vears, 
l’erguson said 

> Shortly after its format 
& Mueller, Inc., of 


Kieles 


Middletown 


N. Y., K&M’s Nuclear Powet 
Equipment Div. wa varded valve 
contracts totaling $750,000. ‘The 
valves, intended for nuclear-powered 
propulsion, will have their own con 


Lhe division building 
personne] 


I 


trol svstems. 
them is being. stafted 
from both the automat 
nuclear fields 


control and 


PA new Raytheon clecti labora 
torv under Manager Homer C. Knauss 
will concentrate on such airborne mili 
tarv items as Doppler navigation in 


struments, aircraft intercept radar 
iltimeters, and surface radars Most 
of the personnel for the Maynard, 
Mass., facility comes from the com 
pany s Aircraft Systems Dept.; Knauss 


himself was formerly airborne systems 
manager in the Radar Dept. of the 
Wavland Laboratory. ‘The new lal 
will be part of the company’s Gov- 


ermment Equipment Diy 


> Daystrom, Inc., has filed an applica 


tion with the AEC fo nission to 
build and operate Argonaut-tvpe nu 
clear reactors \pparently, the po 

mission 1s simply a matter of routine, 


for Davystrom’s Nuclear Div. expects 


to break ground for the lopment 
early this vear Phe DART reactor 
Davstrom Argonaut Reactor ‘Training 
will be components in integrated train 
Ing programs for rescarch reactor op 
crators and cngincers Davstrom 1 
the first company to ma this kind 


of bid 

P'Il'wo former Electronics Corp. of 
America men, George Hl. Wayne and 
George I°. George, have formed Ap- 
plied Electronics Corp. of Boston, 
which is concerned with research, de 
velopment, and manufacture of d« 
vices for analog and digital computa 
tion, data handling and conversion, 
md automation Wavne, formerh 
chief engineer of Electronics Corp.’ 





* oS 
ee 





Portion of Eclipse-Pioneer's synchro calibration and test facility. 


WHY IT PAYS TO SHOP AT THE BENDIX “SUPERMARKET” 


— NATION’S LARGEST PRODUCER OF SYNCHROS 





SHAFT POSITION-TO-DIGITAL CONVERTERS 


In buying precision synchros, 
doesn’t it make a lot of sense 
to insist on getting exactly 
what vou want, when you want 


it—and at minimum cost? 





Best way to be sure you eet 


Eclipse-Pioneer Coded Commutator type shaft position-to- all three is to depend on the 
digital converters are miniature devices for converting Bendix *‘Supermarket”’ 

Analog information to Binary Digital form. Designed for 
Digital control systems, data processing equipment, 
telemetering applications, or computers. Especially suited . . are constantly turning out just about 
to air-borne use. 





Our mass synchro production facilities 


imaginable. This means we can offer you in 
Specifications: most synchro types—and minimum cost on 
l 4 ' even for small quantity orders 


Model GS-1-Al Model GS-2-Al 
Type output 8 digit gray (Reflected 7 digit Natural Binary You can depend on the quality of Bendix s 

Binary Code) Code (double brush ' 
Shaft resolution 1 part in 256 1 part in 128 will equal or exceed : the accuracy Ol 
Current rating | .015 amps. (max.) per digit | .015 amps. (max.) per digit made today. Sound reasons why you'll b 

with non-inductive loading with non-inductive loading . . 
Shaft speed Max. continuous input of Max. continuous input of experience and mass-produc tion facilities Ol D 
150 revs. per minute 150 revs. per minute 

Input torque 0.2 ounce-inch (max.) 0.4 ounce-inch (mox District Offices: Burbank, Calif., Dayton, OF 
Diameter of unit 15/16 inch 15/16 inch Export Sales and Service: Bendix International Div - E. 4 4 New . 











Eclipse-Pioneer Division 


Teterboro, N. J. 


AVIATION CORPORATION 
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shortcut to 


sete 
CSCS Sseee* 


DO bi . 
Vir (Digital Output-Input Translator system) is a 
major feature of the new EASE* 1132 for automatic 
operation and high accuracy. 








accomplishment 


Yr wir FASE 


Berkeley's new EASE* 1132 represents a 
wholly-new concept in analog computation — 
a complete system for solving computation and 
simulation problems automatically, with a min- 
imum of human attention and possibility for 


human error. 


Features of the EASE* 1132 that pro- 
vide improved operational conven- 


ience, speed and accuracy include: 


1. Digital input-output by means of 
punched tape or electric typewriter. 


2. Automatic static or dynamic prob- 
lem checking. 


3. Complete pushbutton monitoring 
system. 


4. Fully shielded, color-coded patch 
board. 





| 
The advanced-design EASE* 1132 ; 
offers today's greatest opportunity | 
for better utilization of scientific- | 
engineering brainpower, faster re- v 
search and development progress. ig v TF ba, 
; ; arg ary F a 
Why not investigate now? A letter aed Cs eT ree 


will bring details promptly; please 
address Dept. L2. 


Berkeley Division 


Richmond 3, California 


119 a division of Beckman Instruments, Inc. 
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General NEW HI-SPEED 
SWITCHING TRANSISTORS 
Assures Computer Reliability 


Computer engineers long seeking PNP transistors in applica- 
tions requiring high current and fast switching will specify 
General Transistor’s new 2N315, 2N316, and 2N317 for 
peak reliability 

2N317: As developed by General, a typical switching speed of 
.3 of a microsecond at 400 milliamps of collector current is 
possible with only 20 ma. of drive current 

The series resistance of these GT transistors, when conducting, 
is ¥2 ohm; the nonconducting series resistance is as high as 
10 megohms with a result that approaches optimum efficiency 
at high current levels. 

Computer manufacturers know they can depend on General's 
engineering and development as well as their quality and 
service. That’s why GT is the largest supplier of transistors 
for computers. 
eee ee 


CHARACTERISTICS 
Parameter Conditions Min Typical Max 
Collector-Base 
Voltage (Vcbo)__Ilc = —25ua__ —20V__—30V 


Emitter Open 
Collector Cut-off 
Current (Icbo)___ Vcb = —5V 
D.C. Current Gain (hfe)__ lc =—400ma 
¥ce=—.2V____ 20. 30 50 


Vcb =—5V 
lc=—lma — 


= _—lwa__—2ya 


Alpha Cut-off 
Frequency (fafb) 

















O.C. CURRENT GAIN vs COLLECTOR CURRENT V -0.2V 





Write for GT’s special Computer Transistors Specifications 
Bulletin. 


GENERAL TRANSISTOR CORP. 
Richmond Hill 18, N. Y.—Virginia 9-8900 
Cable: Transistor New York 





Skilled engineers—p 


jes cole hbLoinloyelbecl-iaslove(-m-belob sslojel-) eel 
facilities are available at — 





Engineers and production 
facilities at Daystrom In- 
strument continue to play 
an increasingly important 
role in the needs of the 
Armed Forces and Indus- 
try. Daystrom products 
contribute sound design 
and dependable perform- 
ance to meet today’s criti- 
cal standards. Yes,youcan 
depend on Daystrom for a 
quality product, on time, 
at a reasonable cost. 


[nom 


| INSTRUMENT 


Division of Daystrom, Inc. 


~~ 


is 
“Vp 


for the NAVY 


for the AIR FORCE 


for the ARMY 


for INDUSTRY 


OTHER DAY 
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Know your timer types... 


Grouping the multiplicity of timer 
types into four broad classes sim- 
plifies equipment designer's job: 


INTERVAL TIMERS 

The first—and simplest—group is 
that of the interval timers. These 
consist basically of a motor, an arm 
or cam, and a switch. To operate the 
timer, the user simply sets the 
mechanism manually to the desired 
time interval. This action transfers 
switch contacts that start the timer 
motor. 

The motor drives the timer mech- 
anism to the end of the timing cycle. 
At this point the switch returns to 
its original position and the motor 
shuts off. 

A variety of dials, knobs, push- 





INTERVAL TIMER of advanced design, the new 
Cramer Type 241 features large easy-to-read 
dial, pushbutton start, automatic and imme- 
diate reset and repeat accuracy of + 14 of 
1% of full scale. Bulletin PB-241. 


button start, automatic reset fea- 
tures, special housings and additional 
load switches may be used, but the 
basic operation is the same. Interval 
timers are used in applications that 
require frequent changes in setting 
Jike photographic exposure timing. 
TIME DELAY RELAYS 
The time delay relay represents 
the second large group of timing 
devices. These units provide accu- 
rately timed delays between the 
closing of an external remote switch 
and the transfer of a load switch. At 
the end of each cycle, the motor 
shuts off automatically, and the 
standard device remains in this 
“timed out” condition until the 
clutch is released allowing the timer 
to reset. Other variations reset 
automatically at the end of a cycle. 
Models are available to either reset 
on power failure or suspend opera- 
tion until the circuit is restored. 
Special housings, additional 
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switches, various clutching mecha- 
nisms, and a wide selection of wiring 
arrangements make the time delay 
relay an extremely versatile device. 

A typical application is for regulat- 
ing processes such as heat treating 
where the timer controls the amount 
of time required to produce the 
desired change in the metal. 





TIME DELAY RELAYS—like the Cramer Type 
440A above—are rugged, dependable and 
accurate devices to control from 1 to 5 load 
circuits. For flush, surface or panel mount- 
ing. Bulletins PB-310 and PB-311. 


CYCLING TIMERS 
In the third category are found 
the cycling timers. Fundamentally 
these units are made up of the driv- 
ing motor, a cam (or arm) which is 
revolved continually by the motor, 
and a switch operated by the cam. 
The cycling timer produces switch 
transfer repeatedly, according to the 
cam cuts, as long as the motor runs. 





CYCLING TIMERS —like this Cramer Type 520 
come in 1 to 8 poles. Normally factory pre- 
set for highest accuracy. Operating speeds 
1 rey./6 sec. to 1 rev./day. Bulletin PB-510A. 


TALK IT OVER WITH 


Variations of the cycle timer 
include changing the motor speed, 
cutting cams in an almost infinite 
number of combinations, and adding 
switches. The cam setting may be 
fixed or adjustable. Special housings 
are available. Cycle timers are used 
to control a program or sequence of 
events as in a signaling system. 

TIME TOTALIZERS 
Time totalizers, or elapsed time 
indicators, range in complexity from 
a simple motor-driven counter to 
the precision time totalizer used in 
scientific research. The former, 
usually used as a running time meter, 
counts discrete time units from 
tenths of a second to hours. The 
more elaborate time totalizer is 
actually an electrical stop clock 
capable of measuring time intervals 
to an accuracy of 0.01 second. 
Running time meters are used to 
record the operating or down time 
of industrial machines. They are 


offered in many models—with or 


without reset, in portable or die-cast 
enclosures, etc. Time totalizers are 
commonly applied in test equipment 
military 


for industrial and labo- 


ratories. 





TIME TOTALIZER of laboratory quality. The 
Cramer Type 690 features easy-to-read scale 
and pointers for fast, exact readings, accu- 
racy to + 0.01 second. Reset lever conven- 
iently located on dial face. Bulletin PB-610. 


LEARN MORE about these four basic 
timer types from Cramer’s complete 
line. Just ask us to send you our bul- 
letins on the types that interest you. 
Nearly 100 varieties are stocked for 
immediate shipment. Cramer Con- 
trols Corporation, Box 46, Center- 
brook, Connecticut. (Formerly R.W. 
Cramer Co.) 


CRAMER CONTROLS 


CORPORAT 1 


ON 





Vic... 


ANNOUNCING THE 104 MEMO-SCOPE 


The MEMO-SCOPE Model 104 is a 
new inemory oscilloscope with a 
selection of 5 plug-in preamplifiers 
that will satisfy the most critical 
production, test and laboratory 
requirements. MEMO-SCOPE incorpor- 
ates the famous Hughes-developed 
Memotron direct-display storage 
tube that captures and retains any 
number of traces indefinitely 

at a constant intensity until 
intentionally erased. Traces are 
readily visible in a brightly-lighted 
room, and may be easily 
photographed for file records 








MEMO-SCOPE 104 SPECIFICATIONS 


OPTIONAL 
PLUG-IN PREAMPLIFIERS 
INCREASE FLEXIBILITY 


All units with frequency response fron 
DC to 250 kilocycles down 3dt 


For additional information or demonstration of the new Model 104 


write to HUGHES PRODUCTS 


asta yee HUGHES PRODUCTS | 


International lirport Station 


Los Angeles 45, California ! 
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Progress Report: 





SCHRADER AIR PRODUCTS CAN MAKE 
PRECISION OPERATIONS EFFICIENT 


e Let’s clear the air 
about close tolerances 


We've faced it. Lots of manufacturers 
still think air is as unpredictable as 
the weather report. But others know 
better, because they’ve taken the time 
to let a little sunlight on the subject. 
These open-minded ones are utilizing 
Schrader Air Products, not just to hold 
work or blow away chips, but to pro- 
duce complex units to close tolerances. 

Air is a big boy now. It has grown 
up fast because automation came be- 
cause pennies needed pinching. Be- 
cause many operations in manufactur- 
ing turned out to be just plain danger- 
ous. Then engineers found air was not 
only efficient, economical, and safe, but 
that products were already designed 
and produced to make air a logical way 
of performing hundreds of special jobs. 


FOR EXAMPLE: 


® Sweet words abovt 
air from a candy maker 


At a Buffalo, New York, candy com- 
pany, Schrader Air Products have been 
used to perform a complex measuring 
operation. To within one gram! Six 
Schrader double-acting cylinders are 
used to fill a bank of six more single- 
acting cylinders with a _ prescribed 
amount of chocolate. When a foot valve 
is released, the chocolate is forced into 
wax figurines, exactly filling them. And 
the entire installation is even covered 
and kept at a constant temperature to 
insure the proper chocolate viscosity. 

Take a look at the schematic. It 
shows the arrangement by which the 
Schrader Air Products are adapted to 
an operation which might at first seem 
far outside the limits of air use. It was 








9, 
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DOUBLE-ACTING 
CONTROL CYLINDER 


VALVE ) 
I ORR 
STOP 


ADJUSTABLE 


i STOP 
) EXHAUST 7 


+  4-way HOLLOW 
AIR FOOT CANDY 
VALVE FIGURE 


—] savnoson f 





Schematic shows how Schrader Air 
Products are adapted for precision 
handling of liquid chocolate. 


FIRST NAME 








FOR INDUSTRIAL PRODUCTION AND 


possible because some engine?rs put 
on their thinking caps. 


@ Talk about air’s 
advantages being auto- 
matic—lend an ear 


This is important to you, so don’t wan- 
der off. When air is used to synchronize 
motions automatically, efficiency is al- 
most sure to follow. BUT, the natural 
advantages of air multiply like rabbits. 
For instance, economy is basic. In 
many cases it can make the difference 
between profit and loss. Then, safety 
margins are widened by the use of spe- 
cial control techniques. Air’s simplicity 
makes possible easy finger-tip and tip- 
toe operation of tiring hand and foot 
movements. Fatigue? Who’s tired? Pro- 
duction goes up. Modern packaged con- 
trol sets are so highly developed that 
most hazards of press operation are no 
longer applicable. Both hands must be 
used at once, and cannot stray into 
danger zones. Any machine using a me- 
chanical clutch, shears, brakes and fric- 
tion clutches can use special controls. 


@ We like to be 
taken advantage of 


You can make use of Schrader’s engi- 
neering facilities. That’s why we have 
them. Upon request, Schrader engineers 
will assist in planning for the most ef- 
ficient use of air in your plant, and in 
selecting the products best suited to a 
given application. Distributors are con- 
veniently located to deliver Schrader 
Products in the shortest possible time. 

Write to Schrader for information. 
Address A. Schrader’s Son, Division of 
Scovill Manufacturing Company, In- 
corporated, 471 Vanderbilt Avenue, 
Brooklyn 38, N. Y. 


IN THE USF OF AIR 
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Sometimes you can guess at torque...BUT 


With SR-4 Torquemeters, you can measure and control 


all industrial torques to +%% accuracy 


It isn’t necessary to measure the exact amount of torque in order 
to wring out a dishcloth. But in industry, it’s often vital that the 
exact amount of torque on a shaft be known. 


You can use Baldwin SR-4 Torquemeters to measure a few inch- 
ounces or thousands of foot-pounds, and with consistent accuracy 
to within +144%. They convert torsion changes directly into changes 
in electrical energy, measure torque independently of speed, and 
take no power from the drive shaft. A wide variety of instruments 
can be used with SR-4 Torquemeters, ranging from millivoltmeter 
and battery to a computing instrument reading horsepower directly. 


Baldwin SR-4 Torquemeters offer unlimited application oppor- 
tunities. Present uses include torque measurement of viscosity, 
in engine dynamometers, for pump testing, in propeller drive shafts 
and helicopter rotor assemblies, and hundreds of other applications 
in design and production testing. 


Whatever your torque measurement problem, a B-L-H representative 
is ready to serve you. For more complete information on SR-4 
lorquemeters, write today for your free copy of Bulletin 4308. 


BALDWIN :- LIMA: HAMILTON 


Electronics & Instrumentation Division 


Waltham, Mass 


SR-4 strain gages * Transducers ¢ Testing 


The Type A SR-4 Torquemeter is a s¢ 
housing and brush assembly suspe 
ball bearings. It employs SR-4 Bor 
In a Wheatstone bridge circuit 
have been built for shafts from ir 


zero rpm to 35,000 rpm; and 
to 4,200,000 in.-Ib 


machines 
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SOLA CONSTANT VOLTAGE DC POWER SUPPLY 
is shown here with its three major components 
indicated. This assembly is a typical 

standard design rated at 125 volts, 2 amperes, 
and is mounted on a standard, 19” 
relay rack chassis only 514” high 


GERMANIUM RECTIFIER 
has unusually-low volt- 
age drop per junction, 
and high efficiency in 
proportion to size and 
cost. voltage to less than 1%. 





HIGH-CAPACITANCE FILTER sec- 
tion constitutes “energy reser- 
voir” for meeting short transient 
loads; eliminates need for bulky, 
expensive chokes; reduces ripple 


CONSTANT VOLTAGE TRANSFORMER corrects 
line voltage variations, provides nearly square- 
wave input to rectifier, limits maximum cur- 
rent delivered through rectifier to filter capac- 
itors and load, permitting economical use of 
the efficient germanium rectifier. 





2 amps of 125v regulated dc power 
in only 5'/4” of relay-rack height 


Exceptional performance under intermittent, variable. 
pulse, or high-amperage loads is a prime advantage of 
the new static-magnetic, Sola Constant Voltage DC 
Power Supply. Its design simplicity possible because 
of the mutual support and protection provided by the 
combination of its three basic components provides 
compact size, low weight, and moderate price in pro- 
portion to power output and performance. 


Output of these power supplies is regulated within 
+1°, for line voltage variations of up to +10°%. They 


Consiand bor 


SOLA 0. coven surhivee 


are available in six stock models, in ratings ranging 
from 24 volts at six amperes to 250 volts at one ampere. 
Also, design-and-assembly service for special ratings is 
offered to meet the specific requirements of equipment 
manufacturers. 


Your area representative, listed below, is part of a 
nationwide organization maintained to provide you 
with prompt service. He'll be happy to supply further 
information on stock or special Sola Constant Voltage 
DC Power Supplies. 


Write for Bulletin 26B-CV-235 
SOLA ELECTRIC CO 

4633 W. 16th Street 

Chicago 50, Illinois 





CONSTANT VOLTAGE TRANSFORMERS ® FLUORESCENT LIGHTING BALLASTS @® MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 125th St., TRafalgar 6-6464 
PHILADELPHIA: Commercial Trust Bldg., Rittenhouse 6-4988 @® BOSTON: 272 Centre Street, Newton 58, Mass., Blgelow 4-3354 @ CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-9431 @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 ©@ Representatives in Other Principal Cities 
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MACHINERY 


ENGINEERS galvanometers pioneered by Century 
e a e 


PHILADELPHIA, PA LONG ISLAND CITY, N. Y. DALLAS, TEXAS TUCSON, ARIZONA REDWOOD CITY, CALIF SAN MARINO, CALIF 
Test Equipment Sales Co Test Equipment Soles Co Arnold Barnes Co G. S$. Marshall Co G. $. Marshal! Co G. S. Marshall Co 

4447 N. Bodine St 29-46 Northern Bivd 5526 Dyer St 3686 Boker Place 2015 El Camino Real 2065 Huntington Drive 
Tel.: Michigan 4-1822 Tel.: Stillweli 4-7120 Tel.: Emerson 6716 Tel.: East 7-1501 Tel.: Emerson 6-8214 T Ryan 

SAN DIEGO, CALIF DENVER, COLORADO ATLANTA, GEORGIA CLEVELAND, OHIO DAYTON, OHIO ORLANDO, FLORIDA 

G. S. Marshall Co Barnhill Associates E. G. Holmes & Associates Electro Sales Associates Electro Sales Associates E. G. Holmes & Associates 

3525 Sth Avenue 6520 West 62nd Ave 309 Phorr Rood, N. E 281 E. 216th St 512 Orangewood Drive 56 W. Columbia St 

Tel.: Cyprus 8-8234 Tel.: Harrison 4-7733 Tel.: Cedor 7-7801 Tel.: Redwood 2-7444 Tel.: Wolnut 5426 Te 3-3524 
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TELEMETRY 
APPLICATIONS 






INDUSTRIAL APPLICATIONS 






STRESS-STRAIN RECORD NG with firet. 
hand” read-out during tes 





QUICK-LOOK monitoring in the 
telemetry ground station per- 
mits continuous observation of 
missile in-flight programing re- 
sults. 










@ PERMANENT record obtained at test site 
may be stored indefinitely for purpose 
of future data reduction 













ON-THE-SPOT monitoring permits making _ in-flight 
function corrections in controlled missiles or piloted 
aircraft. 







@ PORTABLE — extremely useful for field 
test applications where a ‘’multiplicity 
of data must be collected with the least 
amount of instrumentation 






A NATURAL for mobile telemetry vans . . . compact, 
rugged, low power consumption, record is PERMA- 
NENT, no fading or fogging when exposed to direct @ No amplifiers required for many app 
sunlight. cations. 



















USES a variety of tubular mirror 


Check your requirements against these FEATURES! 


Permanent continuous record produced within re- @ As many as 24 intelligence channels may be re- 
corder, corded on the 8-inch x 200-foot record 1 
Developed record may be viewed an INSTANT ' 

P y @ Record is REPRODUCIBLE without Ic f contrast by 
after exposure. Ozalid. B ‘ , yey eee 

° ene aida, runic , Src. rocesses “UY aeteriora- 

HIGH CONTRAST photographic qualities . . . black rer tng 
: , tion due to ultra-violet exposure 
intelligence traces are recorded on light colored 
background. @ Eliminates need for costly darkroom facilities. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


Fs Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our nearest representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY —TEL.: BARCLAY 7-0562 








Askania Regulator Company NEWS 


Automatic Controls for 


FLOW, PRESSURE, RATIO, COMBUSTION, EDGE POSITION AND THICKNESS 


ELEC TROJET PROVIDES 12 H.P.TO 40 H.P. HYDRAULIC 
OUTPUT FROM LOW LEVEL ELECTRICAL INPUT 


FROM TRANSDUCERS: 
FOR PRESSURE + FLOW « RATIO + 


WEIGHT OR FORCE « SPEED «+ POSITION « 


TEMPERATURE ¢ THICKNESS 


TO THESE FINAL CONTROL ACTIONS: 


Linear 
Motion Rotation 


SIP? Re AREA DGS HME 8888 AIRS IO 


Moment 





ELECTROJET functions as a Spring-Loaded 


Position Servo Control System Feedback 
Potentiometer 
Fixed, 
Set Point : Plate 

47 Patentiometer Oil 
Cal. Inches Supply Pr 
kB’ ess. 
Xe ) Amplifier Plate” 

\ 
' Set Point | — 4 


“oer euecTROE 
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Voltage | 
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Timer| ! Feedback — 


. 


Voltage 








In this instance to control the thickness of the sheet felt 
being produced on an hydraulic press. 


EB ee nm 505 na AERATED Bo 0 


A-C ELECTROJET 


Reference winding (constant) 
STUDY Control winding (variable) 
THESE Break-loose voltage 


SPECIFICATIONS Se gees 


Booster pressure 


Send for application bulletin No. 38.1 
THE ASKANIA REGULATOR COMPANY APPLICA- 
TION BULLETIN NO. 38.1 contains 
16 diagrams and illustrations to describe 
1 available ELECTROJET types 
2 applications and operation factors 
3 types of Final Control elements, etc. 
You'll want this bulletin for application.. 
for study....for ready reference. 


Write Askania Regulator Company, 266 E. Ontario Street, Chicago 11, Illinois 
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110-150 psi std, 400 psi max 
Jet Pipe flow (examples) ...1.2 mm nozzles; 100 psi, 0.6 gpm 
2.5 mm nozzle; 400 psi, 5.2 gpm 

2000 psi max. 


Note the Unique Advantages 


The ELECTROJET offers those particular advantages 
only hydraulic power can provide: 


1. Low Maintenance—Self Lubricated Parts 


2. Output Power to Fill Needs from Smallest to 
Largest Requirements 


Wide Range of Operating Speeds 
Low Time Constants 
High Acceleration and Damping Power 


Convenient Safety Interlocks 


Work 


Cylind ELECTROJET functions in a 
ylinder. 


Floating Control System 


Beta, X-Ray or 
Squeeze Other Type 
Thickness Gauge 


a mo iis 


< or 
(0) Shelp 
ee | 


A-C ‘Namplifier 
| ELECTROJET | 
UNIT _) aa 


~< 
In this instance to control the thickness of steel 
strip in a Rolling Mill 











D-C ELECTROJET 


115v, 0.15 amp, 50-60 cps Maximum power input ..+-6 watts 
0-115v, 0-0.15 amp Coil resistance. ... 


5 ohms to 20,000 ohms 

20 microwatts 

As for A-C Electrojet 

Amplifiers for both A-C and D-C Electrojets are available to 

meet almost all requirements. However, in most applications 
the D-C Electrojet requires no amplifier 


Break-loose power 
Hydraulic specifications 


ASKAWNEA recutaror company 


“CONTROLS FOR INDUSTRY”’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A SUBSIDIARY OF 
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_-@ CUSTOM TERMINATIONS 


He ree tically Se alee 
sub-miniature or standard | 
specified for performance / 
commercial service. These di 
pression seals perform s 

most gruelling conditions 
immunity to shock, vibration 
tions of temperature and pressu! 
sealed terminal requirement 
ommendations will be mad 
applications without obligat 


_ ELECTRICAL 
— “INDUSTRIES 


44 SUMMER AVENUE, NEWARK 4, N.J 








ANODIZED COLOR CODING has been applied to the 1957 
line of Rheem plug-in products including the power amplifiers, 
power supplies and voltage regulators. This identification in- 
creases the user’s production line and maintenance efficiency 


NIG PRIUDUGTS CHOSEN FOR RUGGED RELIABILIT 


Now it can be told. 


Three more top airforce weapons depend up- 
on Rheem amplifiers and power supplies to 
provide dependability in a minute package. 
Here is electronics engineering at its best... 
a complete line of packaged components pro- 
duced for individual or combined use in the 
rugged environmental conditions common to 
modern weapons system applications. 
Rheem’s new electronic plant, with seasoned, 
experienced engineering and production per- 
sonnel, is equipped to handle your individual 
requirements for off-the-shelf or special pur- 
pose electronic components. 





SUPERSONIC LOCKHEED X-7, shown with Marquardt power- 
plant installed, was recently revealed as a stratospheric test-bed for 
powerful new engines under test for U.S.A.F. missiles. The needle- 
nose X-7, which is launched from a B-29, is parachute recovered after 
ach flight so that it may be flown again. Rheem power amplifiers 


form a part of the electronic control system of the X-7. 











NORTHROP SNARK, inter- 
‘ontinental guided missile, roars 
from its launching cradle at a 
U.S.A.F. base to begin a long range 
test flight over the Atlantic ocean. 
The Snark,which couples inter-con- 
tinental range with the ability to 
carry a first priority warhead, uti- 
lizes Rheem amplifiers for a share of 
the telemetering chores. 
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LOCKHEED'’S F-104, prototype Star- 


fighter, climbs on razo1 — vings to 
the upper stratosphere at ground speed 
equaling its speed in straight call level 


flight. The ship is described by Hall | 
Hibbard, Engineering Vice President 
of Lockheed, as “‘a masterpiece of sim- 
plification.”” Rheem light weight, small 
space, amplifier components play an im- 
portant role in this simplification 


You Can Rely on 


RHEEM MANUFACTURING COMPANY 








, F ) e 
ae ELECTRONICS LABORATORY AAly) 
“ME S«49236 EAST HALL ROAD + DOWNEY, CALIFORNIA 
Get your 16 page 1957 Products File at RHEEM booth No. 2811 
3 1-57 1.R.E. Show, Coliseum . . . New York City. March 18 thru 21st 


Portrait of a man’s supersonic alter ego 


The speeds and altitudes achieved by today’s 
aircraft have placed them beyond a human pilot's 
physical resources. They fly faster than he can think, 
decide and react ...exert forces beyond his own 
strength or that of old-time hydraulic systems. 

The answer: electro-mechanical colleagues with 
the superhuman reflexes. sensitivity and strength to 
cope with the phenomena of supersonic flight. 

\t AuTonetics. Automatic Pilots are being 
designed and produced that will control a vehicle 
during its mission, referenced by input signals from 
the Pilot, Autonavigation Equipment. and Fire 
Control Systems. These Autopilots are able to con- 
trol a vehicle throughout an extreme flight regime 
more precisely and swiftly than the human pilot. 

In addition AUTONETICS has developed an Auto- 
matic flare computer integrated with the Autopilot 
for fully automatic or semi-automatic landings in 
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manned or unmanned vehicles. In the case of 
manned vehicles, flare signals are provided to the 
pilot through the ILS indicator. The flare computer 
thus adds all-weather capabilities to any vehicle by 
providing a controlled flight path to touchdown 
under the most adverse weather conditions. 
\UTONETICS is a quality and quantity producer 
of flight control. autonavigation, armament control. 
computer and other complete control systems with 
significant implications for commerce and industry. 
For more information—or for employment in this 
dynamic field—write: AUTONETICS, Dept. 2-Con, 
12214 Lakewood Blvd.. Downey. California. 


Autonetics Gi: 


A DIVISION OF NORTH AMERICAN AVIATION, INC 
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Better molded composition-element 
potentiometers by CLAROSTAT 





2-watt molded composition-element potentiometers meet- 
ing MIL-R-94A specifications. Totally enclosed against 
moisture and dust. High stability under extreme climatic 
and operational conditions. Stainless steel shaft. Gold- 
plated terminals. Completely non-ferrous construction. 
Wiper assembly of one-piece construction. Carbon-to- 
carbon contact results in very low noise. 1'i«” diameter; 
Ye” deep. Available from 50 ohms to 10 megohms. In 
various shaft and bushing designs; shaft and mounting 
seals; with switch; in dual or dual-concentric units. 


Write for complete technical information 


CONTROLS AND RESISTORS 
CLAROSTAT Mfg. Co., Inc., Dover, New Hampshire 


in Canada: Canadian Marconi Co., Ltd., Toronto 17, Ont 


Manufactured under license in Great Britain by A. B. Metal Products Ltd., 17 
Stratton St., London W.1, Concessionaires for British Commonwealth except Canada. 
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‘Top drawer 
developments 


h Convair S 
achieved throug 
ENGINEERING to the Nth POWER 


ELECTRONIC 


ASSOCIATES 


To help them achieve “top drawer developments’, Convair selected PACE Analog 
Computing Equipment. One more example of two leading companies joining together 
to break through the problem barrier. Setting the PACE® for progress throughout 
the world, Electronic Associates, Inc. continues to serve major industry — offering the 
rental of computing time in either the Los Angeles, Calif. Computation Center or 
the Princeton, N. J. Computation Center — and, through progressive engineering, 
supplying industry with the latest advances in analog computing equipment. For full 
details, address Dept. CE-2, Electronic Associates, Inc., Long Branch, New Jersey. 
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ASSOCIATES 


PRECISION ANALOG OMPUTINGSEQUIPMENT! 
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What, Where & Why 
Control Engineers Migrate Wess 


While the best way to fill your roster of control engineers 
may be through training, the quickest and most-favored seems 
to be to lure them from competitors. A recent trade show 

page 29), gave over a whole floor to recruiting. ‘Turn to the 
back of this magazine for still another approach 

I'wo survevs by ConrroL ENGINEERING and McGraw-Hill’s 
Classified Ad Div. supply information on background and move 
ment of control engineers which should help either A) the com 
pany desperately seeking new talent, or B) the company 
desperately seeking to hold the talent it now has. Our question 
naire—an attempt to draw a profile of the “composite” control 
engineer—went to 3,400 subscribers and drew 1,219 returns 
Ihe results below concern his background 


College degrees held (%): BSEE BSME BS MA-MS PhD Others 


45 22 21 23 3 12 
Years practicing in field (%): OVER 15 11-15 6-10 2-5 LESS 
25 16 33 22 3 


Next the survey tried to find out how often this composit¢ Migration and 
engineer moved around in the field and where he went to. First, new ideas 
how long has he been where he is now? 


Years with present employer (%): OVER15 11-15 6-10 2-3 LESS 
16 8 17 36 23 


Did the man do control work in his previous job? What kind? 
We separated these questions into two basic categories—mili 
tary and industrial. ‘The answers are tabled below 


TYPE OF WORK INVOLVED IN: MILITARY INDUSTRIAL BOTH 
1. Work now doing (%) 35 36 29 
2. Previous work (%) 48 48 51 
3. Past vs. present (%) (now doing) 

A) military in past 61 14 30 
B) industrial in past 21 64 26 
C) both in past 18 22 43 


I'he table above suggests a constant flow of control engineers 
between military-type and industrial jobs. An assay of the effect 
of this movement is offered by answers to the next few ques 
tions. Do those now in military now see future industrial appli 
tions in their work? 76.5% said yes. Have any new control 
concepts, initially developed for military, opened the door for 
new techniques in industry? Of those now in industry, 97.5‘ 
said yes. Where in industry might these new techniques 
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...At The Redesigned Valve 
Body Of The New BS&B 


Super 












series 





Streamlined flow contours provide more stable 
flow at all rated differentials and any inner 
valve position. Turbulence and cavitation 
are minimized. 


Accurately engineered inner valves give more 
exacting flow characteristics. Available in four 
types, top and bottom guided. 


Patented all-metal float ring seal provides 
positive self-actuating closure... 
tightens with the application 

of pressure. 


l’orged clamp ring allows yoke 
orientation to any position. 
Requires only two bolts... 
eliminates annoyance of 
gasket replacements. 


Super “70” Series valve bodies are available 
in three styles...single port, double port 
and split body for use in erosive or corrosive 
fluid service where easy removability of 
valve seat is desirable. All bodies can be re- 
versed without change of parts or special 
tools. Split and bolted stem connector is 
strong, easily accessible and quickly assem- 
bled. Bolted stuffing box assembly with 
stainless steel follower includes spring-com- 
pressed Teflon as standard packing. Steel 
bodied valve dimensions are in accordance X 
with ASA Standards B 16.5—1953. . 


This advertisement highlights features of the Super “70” 
Series Valve Bodies only. Another will detail features of 
yi? the Super “70” Series Topworks. Watch for it! 
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LACK, IVALLS & RYSON, INC. 


Controls Division, Dept. 4-ES2 


7500 East 12th Street Kansas City 26, Missouri 
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developed in military apply? Among those now doing both 
tvpes of work: 56° saw possibilities in controlling processes; 
6+‘., machine tool control; 34° production line control 
Why do these men change their jobs? ‘The other survey, 
tabulating answers from 2,596 histories on file in the Personnel 
Departments of 57 companies, offers a revealing picture 


MOST MENTIONED 


REASONS FOR GOING MARITAL STATUS AGE GROUP 
TO NEW JOBS Single 1-child 2-child 25 25-29 20-24 35 44 45 

1. Starting salary ] 1 ] 2 ] 1 2 5 
2. Potential company growth 3 2 1 3 2 3 1 
3. Company prestige, repu- 

tation 2 3 3 1 3 2 3 1 
4. Challenging opportunity 4 4 4 4 4 4 4 3 
5. Geographic location 7 5 5 5 7 6 5 6 
6. Regular salary increases 6 5 6 A 5 5 6 8 
7. Progressive R&D program 5 5 7 6 6 7 7 6 
8. Permanent position 10 6 8 8 8 8 8 4 
9. Paid vacations and _holi- 

days A 7 9 y 9 9 Y B 
10. Company facilities, lab- 

oratories, etc. 8 8 10 10 10 10 10 8 


A Educational facilities in vicinity 

B— Self-direction, or little supervision 

‘here appear to be three basic motivations in job selection 
|) opportunity within the company; 2) salary and security, 3 
prestige and reputation. ‘lhe table also shows how age and 
family subtly influence attitude (i.¢., the unmarried youngster 
wants opportunities for study and training; the “oldster’” wants 
security and freedom from unnecessary supervision 

What does all this movement by control engineers mean? 
l'o the needy company it means talent can be lured through high 
salaries and vital work—and that it will not be green. ‘lo 
the control engineer it means a constant upgrading of skill and 
income—but little roots and less seniority. But its greatest 
meaning is to the field itself. Answers to one part of the 
magazine survey indicated that through this restless movement 
the control engineer has learned to be an objective specialist 
Ile uses electrical (75°), mechanical (68°), optical (16% 
electronic (76%), hydraulic (34°) and pneumatic (25% 
techniques in solving problems; 60°. of the respondents work 
with three or more of these media. ‘Vhis versatility makes the 
control engineer the most valuable single force in his field 
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New miniature diode | 


Shown 
actual 
size 





Phew. designers can incorporate Sylvania’s 
new miniaturized diode in equipment where 
space is at a premium. It meets the standard 
Retma outline of .105” maximum diameter and 
.265” maximum over-all length and meets re- 
quirements for automatic production methods. 
Its construction inherently assures greater 
reliability and superior performance. 


Metai eyelet — fused to glass 


tubing—provides strong con- 
struction and builds in pro- 


vision for cooler operation. 
In Sylvania’s metal to-glass 
package, heat is dissipated 
by the eyelets and leads. 


CONTROL ENGINEERING 


Preassembled cartridge —By pre- 
assembly of the diode cartridge, the 
metal-to-glass design affords another 
advantage. The whisker and die of the 
diode are not subjected to excessive 
sealing heats. There is no danger of 
breaking down the conductive char 
acteristics of the diode. 
























































Nickel-plated Steel pin — butt- 

welded to copper lead adds 

structural strength and provides 

| coupling between the internal 

diode structure and the metal eyelet for greater 

heat dissipation. Nickel plating insures strong 
welds, and good solder sealing. 


( New whisker mounting—The 

use of a crimp hold rather than 

[ impulse weld to mount the 

whisker eliminates the possibil- 

ity in production of overheating the tungsten 

whisker. Thus, the conductive properties re- 

main undisturbed, assuring more reliable per- 
formance over longer life. 





Smooth Solder Seal 
only with glass-to-metal con- 


is possible 


struction. It adds reliability by 

preventing cracks and chips 
when leads are bent at right angles for mount- 
ing in printed circuit boards. 


ee ee Se ee 7 
Write for complete details on this 
; important new diode development. 
| Address Dept. B16R j 
| ! 


SyYLVANIA ELEcTRIC PropuctTs INC 
1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal 


WY SYLVANIA 
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ADVANCED DESIGN HYDRAMOTOR 


A MOTOR VALVE YOU CAN USE 


ANYWHERE! 


Here is a motor valve that’s truly versatile... the Genera! 
Controls Hydramotor! A complete line covers positive shut-off 
control for gases and liquids at all pressures, and they’re at home 
anywhere, inside or out, hot or cold. 

Simple, rugged electro-hydraulic operators operate on two- 


wire electrical circuits... they fail-safe under powerful steel spring 





closure in the event of power interruption. Fast and slow opening 


GENERAL CONTROLS 
HYDRAMOTOR & 


and closing speeds available. 


Iv+ av a.) , . 
iaitidiainees Wek. Atkin dha ane Write today for the complete Hydramotor Catalog, or con 


carbon steel body gate for tight shut-off . . 
of gas, oil or liquids. 1000 psi. Motor is tact the nearest General Controls branch listed in the yellow pages. 
explosion-proof, weather-proof. Typical 

use: high pressure shut-off on oil wells 
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RUGGED, OUTDOOR TYPE 


These gathering system valves are 
atways ready. A simple two-wire 
circuit is all you need to control a 
Hydramotor. it works easily at any 
temperature... arctic cold or desert 
heat, where personnel couldn't ordi- 
narily reach a manual valve. 


NO BRAWN NEEDED 


This ion exchange chamber for boiler 


feedwater treatment has 17 Hydra- 
motors for flow control. The boiler 
room crew can busy itself on more 
important duties than tending valves! 


Five Plants 

Gontate California 
rank, Califorma 
a tevntosn. ts wre 


hohe, Iilino 
anada 








POSITIVE SHUT-OFF 


sold this package boiler manufacturer 
on applying this Hydramotor on the 
fuel line to this big gas-fired boiler... 
he wanted positive shut-off, tight seai- 
ing, in current failure or “over temper- 
ature" situations. FM & U.L. approved. 


_SSmenat. CONTROLS 


Factory Branch Offices Serving A// Principal Cities of the United States and Canada 
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“The Chemicals” Find a Springboard 


Fifty weeks after chemical process control entered the new era of dynami 
inalysis — at the American Chemical Society conference in Princeté ight 
ifter Christmas, 1955 — the American Institute of Chemical Engineers held 

round-table discussion on the subject. ‘The weeks-old Process Control Sub 
committee of the Equipment Div. conducted the round-table during the Dec 
-12, 1956 AIChE meeting in Boston. By reviewing the experience of proce 
control engineers, it discovered a growing accumulation of process dynamic 
analysis procedures — a springboard from which “the chemicals” can launch 


their designs of future plants 

Out of the discussion came these steps of control systems engineering 
P high-spotting dynamic analysis to size vessels and to select necessary control 
ictions 
> evaluating alternate control schemes to eliminate impossible one: 
> comparing cost with performance to optimize alternate systems of prox 
esses and control equipment 

he goal, better process performance at lower operating cost even if the 
capital costs of the measurement and control equipment run higher, shows a 
comprehension of systems ideas by chemical engineers 

Speakers pointed to the wealth of techniques for analyzing the dynami 
of basic pressure, flow, and liquid level processes. ‘The pointing finger landed 
on the literature of the acoustic science and turned to the equations which 
represent the transient propagation of sound in pipes and tanks. But there 


is nothing to borrow from other fields when it comes to examining transient 


in distillation, absorption, and separation. ‘This knowledge must come tron 
within the chemical field itself. Happily, it is starting to develop tw 
dozen papers on limited aspects of the dynamics of such processing units have 
ippeared in the last three years. 

From this springboard “the chemicals” can rise to their needs if the 
publish their experiences, include control engineering in chemical engineering 
curricula, and cooperate with other professional groups concerned with control 


lhe AIChE: group is already participating in ASME programs. We urge it to 
follow suit with AIFE, IR@, and the proposed international federation tot 
control systems engineering. 


THE EDITORS 
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-hp- 400AB, for general ac 
measurements. Covers 10 cps 
to 600 KC, 0.3 mv to 300 v. 
Accuracy = 2%, 20 cps to 100 
KC. 10 megohm input imped- 
ance plus 25 ef shunt insures 
circuits under test against dis- 
turbance. Readings direct in 
volts or dbm. $200.00 


-hp- 400D, highest quality, 
wide range, maximum useful- 
ness. Covers 10 cps to 4 MC, 
0.1 mv to 300 v. New amplifier 
circuit provides 56 db of feed- 
back, (mid-range) for ultimate 
stability. 10 megohm input im- 
pedance prevents disturbing 
circuits. Sealed or long-life elec- 
trolytic condensers; rugged, 
trouble-free. $225.00 


-hp- 410B, industry's stand- 
ard for vhf-uhf voltage meas- 
urements. Wide range 20 cps 
to 700 MC, response flat within 
1 db full range. Diode probe 
places 1.5 muf capacity across 
circuit under test; this plus 10 
megohm input impedance pre- 
vents disturbance. Instrument 
combines highest quality ac 
voltmeter with dc voltmeter 
(122 megohm input imped- 
ance) and ohmmeter covering 
0.2 ohms to 500 megohms 
$245.00 


New -hp- 400H Vacuum Tube Voltmeter combines 
broadest usefulness with wide voltage and frequency 
coverage, and the greatest accuracy ever offered in a 


multi-purpose voltmeter. 


On line voltages of 103 to 127 v, accuracy is 1% full 
scale, 50 cps to 500 KC; + 2%, 20 cps to 1 MC, 

5%, 10 cps to 4 MC. Readings are direct in db or volts 
on 5” mirror scale meter; 12 ranges cover 0.1 mv to 300 
v. High 10 megohm input resistance minimizes loading 
to circuits under test. Stabilized amplifier-rectifier with 
feedback loop gives high long-term stability; line volt- 
age changes as great as + 10% cause negligible varia- 
tion. Overvoltage protection is 600 v on all ranges. High 


est quality, rugged construction throughout. $325.00 


CALL YOUR -hp- REPRESENTATIVE 
FOR COMPLETE DETAILS 


HEWLETT-PACKARD COMPANY 


3691H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘“‘HEWPACK"’ * DAvenport 5-4451 
Field Engineers in all Principal Areas 


Data subject to change without notice. Prices f.0.b. factor 
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Its high sampling speeds and long 
life make the mercury jet switch a 
natural for many difficult commutat- 
ing jobs. It has less obvious appli- 
cations, too, however, and several 
are outlined in this article. Mechan- 
ical and electrical characteristics of 
the switch are reviewed for the 


reader’s convenience. 


WILLIAM R. DAVIS 
Detroit Controls Corp. 


Exploiting the Mercury Jet 


(he mercury jet switch is a commutating switch 
that utilizes a stream or jet of liquid mercury as a 
wiper arm. This technique allows high sampling o1 
yclic speed for long time intervals, and keeps weat 
iegligible. Because there is no spring constant 01 
resilience in the mercury stream, the switch has non¢ 
f the “contact bounce” phenomenon found in con 

ntional commutators at high speeds. High speeds 
ilso limit the life of conventional commutators. 

Mechanical Design. Basically, the Deltaswitch, D« 
troit Control Corp.’s mercury jet switch, is designed 
iround a simple centrifugal pump, primed by scoops 
which lift mercury from a sump or pool into a 
rotating reservoir. ‘The mercury is ejected by cen 
trifugal force from the reservoir through a rotating 
iozzle as a very fine solid stream or jet, and is 
lirected in sequence against stationary 


ranged around the rotating nozzle. 


contacts al 
Ihe sequential 


ontacting occurs in the course of the normal turning 
of the rotor, which serves both as a pump clement 
ind as a portion of the conducting path for the polc 
ontact of the switch. Figure 1 is a sectioned isomet 
ric drawing of the switch. In its present form the 
Deltaswitch has only a dynamic mode of operation; 





Switch 


} 


in other words, when the rotor is station 
stream exists and there can be no contact between 
the pole and the various stator pins. ‘The lower limit 
of operation is about 600 rpm. 

[he present model has been built with 
32 and as many as 128 positions per revolut \ 
many as 200 could be accommodated with 
modification of the stator assembly. Nozzles v 
different exit orifice sizes make dwell time ] 
larly flexible. Dwell times from 20 percent 
percent break-before-make are possible; 
tion with make-before-break 

\s many as 13 standard switches have been stack 
with no need for additional supports 
lhe stacking method permits relative pha 


} 


t ih 


poles to be adjusted while the swit 


Phase relationships can be established to ! tha 

10 min of arc, and are then retained indef 
Electrical. ‘The serie 

the switch is of the order of 4 ohm, whil 


ontact resistan 


} + + 


resistance between adjacent contacts is of th 


hen the switch is operatit 


potential difference 


f 100 megohms w 
maximum allowable 


idjacent pins is 500 volts. At voltages 


} 
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FIG. 2. Break-before-make current noise vs. speed. 


volts, currents up to 75 ma can be interrupted with- 
out arcing or damaging the contact pins. Over 100 
volts, current should be limited to 10 ma. 

Life. ‘The switch is inherently long-lived. A stand 
ard model, operated continuously for over 6 months 
(5,000 hours) at 1,800 rpm, thus making over 4 bil 
lion revolutions, required only two 30-min mainte 
nance operations for cleaning the mercury. 

Noise. ‘Three types of noise have been observed in 
the Deltaswitch. The first, of least importance in 
most applications, causes a random duration in the 
dwell time on a given position from one revolution 
to the next. This results primarily from uncertainty 
in the break time of the contact. For example, a 
contact with a nominal 50-percent dwell may have 
an actual dwell as high as 55 percent and as low as 
45 percent. The distribution of actual dwell time 
about the nominal dwell time looks like a resonance 
curve. Although the sharpness of the curve can be 
controlled to some extent, all the switch parameters 
which influence this phenomenon are not yet known. 

The second type of noise, observed under some 


circuit conditions, takes the form of short-duration 

10 microsec) random static charge spikes, more 
or less proportional in magnitude to the resistance 
cross which thev are measured. ‘The source is be 
lieved to be random-charged mercury particles which 
strike the contact pins. 

he third and possibly most serious type of noise 
has the appearance of an extraneous direct current 
proportional to the speed of rotation. While its 
source is not as yet completely understood, it 1s 
believed to be static charge on the mercury stream 
and contact pins. This is a current-type noise, because 
the magnitude of the effect is proportional to the 
resistance of the circuit in which the measurement 
is made. Figure 2 relates the magnitude of this noise 
signal to rotor speed. 

['o date, no voltage-type noise, such as might be 
attributable to a thermocouple or contact potential 
effect, has been observed in the switch. 

The mercury jet switch is a high-performance com 
mutating switch, and most applications for which it 
has been considered arise from a need for this type 
of operation. However, there are other applications 
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APPLICATIONS 





DATA SAMPLING 








The most obvious and widespread use of a com 
mutating device is for sampling data. The mercury 
jet switch, however, by virtue of its low noise level 
and high speed, considerably extends the scope of 
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items that may be sampled successfully. It has gen 
erally been necessary to amplify the signal from each 
of several low-signal-level transducers in order to 
sample them. With the mercury jet switch it is 
possible to sample directly at the primary element 
and thus eliminate considerable circuit complexity. 

Typical of this type of operation is the situation 
in which it is desired to monitor a large number of 
thermocouples (or strain gages) and display a tem- 
perature “profile” of some process or structure in 
which a spatial as well as time variation of tempera- 
ture is anticipated. Because of the low noise level 
of the switch, thermocouples can be monitored di- 
rectly to an accuracy of about 1 deg F without pre- 
amplifiers of any sort, and subsequently presented 
on an oscilloscope display at an appropriate central 
control] point. The diagram shows how simple this 
scheme is. Note that the amplifier following the 
switch may be the vertical deflection amplifier of the 
scope and need not be a de amplifier. 
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SYNCHRONOUS MONITORING 


In data telemetering it is frequently necessary to 
monitor a large number of data points at a 


location 
considerably removed from the actual transducer 
location. In such the scope display men 
tioned above could certainly be utilized again with 
the data transmitted on a single pair of wires. It 1s 
also often necessary in this type of operation to 
record some or all of the data points. To do this, 


CaSeCS, 


second (decommutator) switch, operating in syn 
chronism with the first (commutating) switch, may 
be used. Automatic synchronization requires the us 
of one of the switch channels for the synchronizing 
information. The short samples of data on each 
channel resulting from decommutation can be pro 


essed by a suitable integrating device or fast-charg: 


slow-discharge circuit, and then recorded on any 
standard recorder. The system diagram typical 


When decommutating is provided, individual contro] 
functions can be associated with each channel after 
the decommutation, and 
plished in the recorder 


otten 


operation 


ANALOG-TO-DIGITAL CONVERTER 


There are undoubtedly many uses to which a 
high-speed commutator can be put in the field of 
specialized instruments. An example is a device for 
making analog-to-digital conversions. One way of 
making such conversions is called the trial-voltag« 
method, comparing the analog voltage to be con 
verted with a series of reference voltages in a pr 
ranged sequence. By taking appropriate differences, 
it tize a voltage to an accuracy of 
one part in 1,024 with 10 trial voltages, each viewed 
in sequence. Though this scheme is already in use 
with electronic switches, one of the biggest difficulties 
lies in generation and preservation of the reference 
voltages throughout a vacuum-tube system in which 
tube drift occurs. Circumventing this difficulty with 
a conventional commutating switch compromises the 
speed of the system, which is one of the attractive 
features of a trial-voltage-type converter. With a 
Delta-switch capable of 10,000 samples per second, 
it is possible to make 1,000 ten-digit conversions pet 
second. A converter that will make 1,000 conversions 


is possible to digi 
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per second to an accuracy of 0.1] percent thi 
possible. The diagram is a converter now i 


that will make 960 4-digit conversions pet 
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Another use for commutators that can be exploit 


with a switch capable of operating at high 


is generating repetitive waveforms containins hary 


discontinuities. These discontinuities make the wai 


forms difficult to achieve with vacuum-typ« 
I'he application is of particular interest it 


desired to synchronize the generation of th 
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with a mechanical shaft rotation. The figure show 
1 linear sawtooth being generated by a make-betor 
break switch at a rate of 30 cps. It is clear that by 
ippropriate resistor-divider being 


sampled, 


shaping of the 
1 variety of waveforms could be generated 


ANALOG 











MULTIPLIER 


Connected as a multi-tapped precision poten 
tiometer, the switch can also be used as the essential 
part of a precision multiplier. Suppose it were de 
sired to obtain the product of pressure and volume, 
either continuously or at specified intervals. Th« 
volume might be a known function of position (or 
time), as in the diagram. By applying a voltage 
corresponding to either the instantaneous or the 
sampled pressure to the top of an appropriately tap 
ered resistor-divider, and scanning this divider by 
a make-before-break switch, the desired product could 
be obtained at the pole of the switch. This arrange 
ment has possibilities of great accuracy. The accuracy 
ot multiplication would be of the order of one 
divided by the number of switch positions or scan 
points on the divider. Hence, in practice, accuracies 


of about 0.5 to I percent could be achieved 


HIGH-POWER-PULSE GENERATOR 


In a previous report on the switch', mention was 
made of the fast rise time achieved on the leading 
edge of the sample, that is, at the instant of contact 
make. Since this was of interest in certain measure 
ment applications, more detailed investigations of 
this phenomenon were carried out by Naval Ord 
nance Laboratory (Corona, Calif.)+. This work was 
undertaken because of the difficulty in the past of 
getting fast rise pulses at a high repetition rate. 

By connecting all the stator pins of a Deltaswitch 
together in the immediate vicinity of the stator and 
terminating this common bus with a_ properly 
matched transmission line, the switch was found to 
generate pulses with a rise time of 2 millimicrosec 
The figure shows a pulse of 50-volt magnitude being 
generated across 50 ohms. Thus a peak power of 50 
watts was achieved. The duration of the pulse was 
determined by the pulse-forming network, and was 
about 45 millimicrosec (normal switch dwell time 
is about 100 microsec Since the switch is not re 
quired to interrupt the high current being carried, 
no arcing or deterioration of the contacts occurs 

An important feature of the resulting pulse gen 
erator is that it is capable of a very high pulse repe 
tition rate. Previously, rates of the order 100 to 
150 per second were considered high for generation 
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of pulses of this power, and with this rate of rise; 
with the Deltaswitch, repetition rates of 10,000 are 
not unrealistic, and even higher values could prob 
ably be achieved. Such a pulse generator would be of 
considerable use in testing the transient response 
of diodes, in testing switching times in ferrite mem 
ories, and in instances where high pulse-repetition 
rates allow oscilloscope observation of short-time 
duration repetitive phenomena. 


Applying Thyratrons to Control 


PART II—SERVO APPLICATIONS AND STABILIZATION 


Last month author Burnett gave basic thyratron information and proce- 
dures for designing thyratron amplifiers as main power supplies for con- 
trolling servo motors and for controlling magnetic clutches and motor-gener- 
ator fields. These design procedures covered selection of motor type and 
size, and design of the amplifier, error sensing circuit, grid control circuit, and 
required stabilization. 

This month Jim Burnett illustrates five typical thyratron-servo applications, 
explains stabilization methods used for the various motors and power circuits, 
and concludes with an original contribution to control technology: develop- 
ment of a nonlinear stabilization method for ideal kinetic-energy damping 
of thyratron servos. 


JAMES H. BURNETT, Electrons, Inc 
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Servo signal 


TACHOMETER DC VOLTAGE FEEDBACK = 
FOR STABILIZING CONTROL 
OF A SPLIT-FIELD MOTOR 


FIG. 1. Two sets of full-wave connected 
1.5-amp thyratrons, operating from 
400-cps source, supply reversing power 
to a fast-accelerating split-field servo 
motor rated at 24 vdce. The dc signa 
voltage, the algebraic sum of dc pos 
tion error voltage and dc rate voltage 
obtained from a tachometer attached 
to the output shaft), is amplified, fed 
back to the input, and added to fixed a 
bias voltages, which lag each thyratro! 
anode by approximately 90 deg. In this 
way the error voltage corrects for pos 
tion error, the rate signal augments 
Stabilization, and the combined signals 
smoothly vary the firing angles of one 
set of thyratrons while the other set is 
held nonconducting. The set that con 
,ducts is determined by error polarity 
and its output power by error magni 
tude. By using a high ratio of ac anode 
voltage to dc motor voltage rating, ex 
tremely fast motor response can be 390 V 
achieved to correct for sudden error d 
changes FULL WAVE THYRATRON AMPLIFIER WITH SPL 
FIG.1 D-C MOTOR FOR FLIGHT TABLE CONTROL 
IN GUIDED MISSILES SIMULATOR 
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. 200 WATT TWO-PHASE INDUCTION MOTOR SERVO . 


RATE OF CHANGE OF DC ERROR VOLTAGE 
FOR STABILIZING CONTROL OF 
A SEPARATELY-EXCITED DC MOTOR 


FIG. 3. Here a pair of 6.4-amp thyratrons con- 
trols the direction and rotation speed of a 
1¥2-hp separately-excited dc motor. For low- 
speed positioning servo operation the thyra- 
trons are connected in inverse parallel. For 
speeds higher than 5 rpm, systems operation 
switches automatically to that of a full-wave 
thyratron velocity servo. Low-speed opera- 
tion: the servo amplifier contains a phase de- 
tector, a dc amplifier, a phase-inverter stage, 
and a lead-lag network (not shown), and the 
two thyratrons operating half-wave. The error 
signal obtained from a synchro is phase- 
detected and passed through the lead-lag 
network which differentiates the error signal 
The resulting dc error-rate voltage is added 
to a 90-deg ac lagging bias to proportionately 
control the grid firing angles of the two thy- 
ratrons. High-speed operation: the unit acts 
as a constant speed system, its speed deter- 
mined by an adjustable dc reference voltage. 
The circuit is a closed loop in which a por- 
tion of the armature back emf (proportional 
to shaft velocity) developed in the antenna 
drive motor regulates the input. This voltage 
is compared with an adjustable dc reference 
voltage proportional to desired speed, and 
the difference is amplified and passed 
through a cathode-follower stage. The output 
of this stage is added to the fixed ac bias 
voltages lagging the anode voltage 90 deg 
to yield a proportional grid control. 


/2 wave positioning contro 

contactors Hf are closed, || open 
2° Full wave speed control 

|| are closed, H’ are open 


tt T 











TACHOMETER DC VOLTAGE FEEDBACK 
FOR STABILIZING CONTROL OF 
A TWO-PHASE INDUCTION MOTOR 


FIG. 2. For position servos (and for corre- 
sponding velocity servos in the 100-to-200- 
watt range) employing high-torque, low-iner- 
tia, two-phase induction motors, control is 
obtained by using thyratrons to vary the re- 
actance of transformers in series with the 
motor windings. In the position system shown 
the direction of rotation of the 400-cps motor 
is determined by the thyratron fired. In the 
corresponding velocity servo the speed of the 
motor is determined by the firing angle of 
one thyratron and motor braking is accom- 
plished by firing the other thyratron 

An ac position voltage (from a gyro) and an 
adjustable ac reference voltage are mixed, 
rectified, and amplified before the resulting 
de error voltage is introduced to one grid of 
the 12AX7. The dc rate voltage (from a ta- 
chometer) is introduced to the other grid and 
the amplified difference of these two vol- 
tages is added to the 7.5-vac biases lagging 
each thyratron anode voltage by 90 deg. The 
resulting combined error and error rate sig- 
nals smoothly vary the firing angle of one 
thyratron or the other, and hold the opposite 
tube nonconducting. A l-amp thyratron is 
connected directly across each of the high- 
voltage transformer windings. The transform 
ers have a 4-to-1 step-up ratio to reduce the 
current ratings of the thyratrons that contro! 
the 115-volt motor. 
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RATE OF CHANGE OF AC ERROR VOLTAGE 
FOR STABILIZING CONTROL 
OF SEPARATELY-EXCITED DC MOTORS 


FIG. 4. An interesting application of thyratron 
servos occurs in a numerically-controlled ma- 
chine tool. Stabilization is derived from the 
rate of change of ac error voltage. Two in 
verse-parallel connected thyratrons provide 
the power amplification for control of arma 
ture voltage of one of two Ye-hp separately 
excited dc servo motors driving the lateral 
and transverse motions of a milling machine 
table under the command of punched paper 
tape. The tape contains incremental displace 
ment, sign, and rate codes. The data punched 
in the tape are transferred to registers which 
cause rate oscillators to emit pulses. These 
pulses drive the lateral and transverse mo 
tors which change the position of differential 
synchros and the resulting ac output is fed 
into a control transformer 

The thyratron amplifier receives its ac er 
ror signal from the control transformer 
through a four-stage unity gain amplifier con 
taining a third-harmonic filter and a conven 
tional parallel-T ac rate network. The result 
ng ac rate signal voltage is added to 5-volt 
ac bias voltages which lag the anode voltage 
yf each thyratron by 120 deg to achieve pro- 
portional control of firing angle of one thy 
ratron or the other. Negative dc bias is ob 
tained by self-rectification of the grid cur 
rent, which charges grid by-pass capacitors 
each time the grid voltage swings positive 
with respect to the cathode 


RATE OF CHANGE OF MOTOR VELOCITY 
FOR STABILIZING CONTROL 
OF SEPARATELY-EXCITED DC MOTORS 


FIG. 5. To form the desired nozzle shapes of 
Cal Tech's Jet Propulsion Laboratory 20-in 
supersonic wind tunnel, 48 screw jacks are 
operated in accordance with commands from 
a master template. A separate servo amplifier 
and motor like the one shown here controls 
each screw jack 

Half-wave thyratron amplifiers control the 
direction and speed of rotation of the motor 
armature in the cathode circuit of both tubes 
which have separate anode transformer wind 
ings. The signal applied to the grid of each 
2.5-amp thyratron consists of an ac error sig 
nal from transformer T2 (which is a synchro 
position signal passed through three stages 
of vacuum-tube preamplification), a fixed ac 
bias voltage from T3, and a fixed but adjust 
able dc bias developed across the dual pots 

Wher the armature is at rest, or moving at 
constant velocity, no voltage appears across 
R27 and R28. However, if the armature ro 
tates while neither tube is conducting, the 
back emf appears across the voltage divider 
in parallel with the armature. Under transient 
conditions this back emf changes rapidly, so 
that a voltage approximately proportional to 
the rate of change of armature velocity 
hence armature acceleration) appears across 
R27 and R28 through C14 and C13. The ac 
celeration signal, added to the error signal 
very effectively damps the servo. This stabil 
ization method results in essentially a zero 
velocity error system 
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NONLINEAR 
STABILIZATION OF 
THYRATRON-AMPLIFIER SERVOS 


Various nonlinear servo stabilization schemes have 
been proposed to minimize overshoot on correction 
In 1938 Williams described 
i method of kinetic-energy damping of a thyratron 
ervo by feeding back a voltage proportional to the 
square of the absolute value of output velocity. ‘The 
feedback voltage thus represented the kinetic energy 
Williams showed 
that for minimum overshoot on step inputs the volt 
age supplied to the motor should be reversed at a 
time determined by the difference between the error 
and the instantaneous level of kinetic energy of 
the motor and load. ‘Though very successful in 
high-performance thyratron-powered recorders, this 
method was found to introduce a large velocit) 
error in continuous tracking systems. 


if maximum sensitivity 


of the servo motor and its load 


‘lo overcome velocity error in a military servo, 
Graham? connected one tachometer to the master, 
or input, and another to the output, or slave. ‘The 
instantaneous difference of these velocity voltages 
Vm—V.) was fed back to stabilize the svstem 
Here, (V,,—V,) equals the rate of change of error, 
as can be seen from the following relationships 


where 4, position of master 


db position of slave 

E erro! 

Vo velocity of maste1 
¥. velocity of slave 


This arrangement introduces no velocity error into 
the system. 

Another method’, using the square of the absolute 
value of the difference— (V,,—V,)2 —more nearly 
approaches optimum performance. ‘This satisfies 
Williams’ kinetic energy damping criterion only when 


Vn=0. 


The ideal damping term is not (V,,—V,)2, how 
ever, but a term proportional to (V,,7—V,?). ‘Thus, 


at any instant when the master and slave are not 
moving at the same velocity, the stabilizing voltage 
is proportional to the difference between the kinetic 
energy which the output should have at that instant 
(were it moving at the same velocity as the master) 
and the kinetic energy it does have due to its actual 
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1 
} 


velocity. The two terms are equal only if either \ 


or V, is zero. The algebraic sign of each squared 
term is determined by the sign of the term before 





squaring. A stabilizing voltage proportional to 
Vin°>—V,7) introduces no velocity errot 


here are many ways to obtain the square ot 
1 voltage, and thus a voltage proportional to 
V7 —V,- 


varistors 


Nonlinear voltage-sensitive resistors 
with their squaring possibilities, can be 
used in series with fixed resistances for this purpose 
\lso useful for squaring voltages are cascaded biased 
diodes* and, over a limited range, a single copper 
oxide rectifier!. Inverse-parallel arrangements of all 
these schemes may be used for squaring ac voltages 
when the output waveform distortion can be toler 
ited. For limited-travel systems, where tachometers 

mnot be used, the circuit shown in Figure 6 prove 
useful. ‘The circuit separates the position error voltag¢ 
into master-and slave component voltages, differenti 
ates them in the R-C networks to yield rate voltages 
proportional to V,, and \ 
in the nonlinear rectifier network, and recombines 
these voltages into a total voltage approximately 
proportional to the error plus the ideal damping 
factor. (Algebraic signs are determined as described 


prey iously. 


, squares the rate voltages 


Where a tachometer may be connected to the 
master, as in an unlimited-travel rotary system, the 
master velocity voltage is immediately available and 
may be readily squared. ‘he same holds true fot 
the slave velocity signal. ‘The two velocity squared 
voltages vield the stabilizing voltage, which is needed 
for ideal kinetic energy damping. 

In some systems, however, it mav be impossible o1 


impractical to make connection to the master for 


the direct establishment of V,,. In these cases: the 
desired damping voltage (V,,2 —V,°) may be estab 








ished by measuring the error and output velocity 
voltages, squaring the sum of the error rate and the 
slave velocity voltages, and subtracting the square of 
the slave velocity voltage alone. That this method 
vields the desired damping voltage can be seen from 


the following relationship: 


Gao nea 


\gain, it is important to emphasize that the alge 


braic signs of the squared terms are made the same 


as that of the corresponding terms before squaring 


Dual-mode control 


Recent advances in the nonlinear servo field indi 
cate that optimum system performance can be ob 








} 


tained in_ practice with dual-mode operation l'on 


mall values of position error and velocity the system 
perates linearly (it is equivalent to linear operation 
na small area around the origin of the phase plane* 

For larger errors full restoring torque should be 
pplied to the load first in on direction and then 
n the opposite direction at the correct instant to 


ZCTO-CITOI 


bring the load to the 
hortest possible time without overshoot. Stated an 


position in the 


ther wav. for large corrections full current of onc 


olarity (or phase) is applied to the motor to drive it 
n the correcting direction. At some time before 
ro-etror is reached the controller reverses the dir¢ 


on of current to the motor, but because of the 
tored inertia in the load the motor continues to 
‘tate in the original direction. In this manner the 
versed current dynamically brakes the load and 


] 
rings it to the zero-error position in the shortest 


ssible time. At this position the stored energy 1s 


ympletely used up and the motor receives no mor 
wer. ‘The tem remains in th Cl tate unt 
other input change ettects mothe yrrection 
Phyratron amplifiers are id¢ i] for such dual-mod¢ 
rvo system operation since thev are eadih in 
rollable as linear proportional umplif t ect 
yr small error ind as on-off contractors (to correct 
r larger errors Combining error a tabilization 
ltages 1 vel i switching between linea ind 
mine IT Opel mon we ¢< isily i ompl she thie 
thyratron’s low-powe! erid rcult by vacuum tube 
biased diode 4 transistors, without the need fo 
ny moving yntactors 


4 ] } ] ain onl } 
Near optimum control and stabilization with th 
~ } 
ratron amplifiers can be obtained if the position err 
] ] ' ' 
oltage, after preamplification, is limited to that ma 


tude E, which just fully turns on one set of thv 


ons and if to this limited error voltage idded th« 
leal kinetic energy stabilization volta hus, th 
tal signal volt ive e,. seen at the thy itt go l ¢ 11 il 
/ \ | 
vith algebraic signs of the last term determined a 
reviously explained. ‘The proportional factor k a 
sunts for the load and motor inertia of the svstem 
Ihe greater the inertia the greater will be k; thus 


the stabilization voltage can be adjusted for dvnami 
f the particular system 

[he above equation can be used to illustrate how 
1 typical thyratron-controlled dual-mode servo ope 
+ 


ites. For small errors, when e, does not exceed the 


full turn-on voltage, the system corrects proportion 


ally for these smal 


errors. For large errors the thy 
ratron amplifier operates first as an on-off pro 


grammed controller to diminish these errors as fast 
is possible; then, when the error becomes small 
enough (less than the full turn-on voltage) the con 
ty +} 


troller operates in 
he thyratron 


1 proportion il mode 


mnitroller automatically programs 
the time at which the input current to the motor 


] 


hould be reve ed to bring th« 


vithout overshoot in minimum tim rE 

sudden change in input position initia 

braic sign of the ideal damping term i that it 
adds to that of th« position error term 

then sees a full-on correcting signa Wi] th 
velocity of the slave exceeds that of the mast t] 

ilgebraic sign of the damping term cha ind 


i 
braking starts. When the master ha 


TCd 
position, the grid signal voltage is detern vt 
squared slave tachometer voltage a 
t exceeds the limited error voltage Lh 
versing tube turned full ‘on’, and t 
tube is turned “off” during this braking \ 
the slave velocity decreases, th« m of tl 
iain be omes dependent on posit mn eTI \ 
is e. becomes less than that magnitud 


urn one set of thvratrons full Ol 
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Adjustable Speed Drives: 
Key to Dynamic Materials Handling 


It has been estimated that as much as 50 percent of the total cost of some 
manufactured products goes into handling. Since most of these handling 
operations cannot be eliminated, it behooves manufacturers to automatize 
them for maximum efficiency. It is no longer enough to merely transport 
the material or object from one point to another. The materials handling 
system must be a coordinated, integrated part of the overall plant system, 
and must work in rhythm with it. 

Adjustable speed drives are the building blocks for coordinating a mate- 
rials handling system with the manufacturing process it serves. Though 
sometimes hard to justify immediately, the more complex drives may soon 
pay for themselves because of their versatility: they contain all the elements 
necessary for integration of handling and processing by feedback control. 

This article compares important features of the commercially available 
types of adjustable speed drives. It also discusses the special drive require- 
ments of several basic materials handling systems in common use: grab 








bucket hoists, skip hoists, cranes, bulk conveyors, production conveyors. 


J. E. ORAM, General Electric Co. 


Three basic classifications of adjustable speed 
drives are electrical, mechanical, and hydraulic. The 
first two are most common in materials handling. 


MECHANICAL 


The mechanical speed-ratio changer finds its prin 
cipal materials handling application on small pro- 
duction or warehousing conveyors, where low cost 
and simplicity are the primary considerations. It 
usually has a limited speed range (generally about 
3:1), and speed is usually manually adjusted by 
means of a handwheel or knob. Pilot-motor control 
is available where remote control is required, and 
is sometimes used with feedback controls. This may 
not be satisfactory in every application, since it is 
normally an “on-off” control and not an error-pro- 
portional feedback control. Although speed range 
and flexibility are rather limited in the mechanical 
speed-ratio changer, it serves a definite need for a 
simple, low-cost, adjustable speed drive. 


ELECTRICAL 


There are three basic types of electric adjustable 
speed drives used in materials handling applications: 
(1) The adjustable-voltage or Ward-Leonard drive 
wherein an adjustable de voltage (usually supplied 
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by a field-controlled motor-driven generator or an 
electronic adjustable-voltage rectifier) is applied to 
the armature of a de shunt-wound mot»r or motors. 
(2) The eddy-current coupling type of drive wherein 


an eddy-current coupling is mechanically connected 


between a squirrel-cage induction motor and. the 
load, and output speed is determined by the excita- 
tion applied to the eddy-current coupling control 
winding. (3) The ac commutator type motor which 
is controlled by positioning the commutator brushes. 
The ac commutating motor is usually controlled 
by a speed-control knob on top of the motor frame. 
But it is also available with a pilot-motor mechanism 
for adjusting speed, and can be incorporated into 
feedback systems. Once again, however, the pilot 
motor control is usually an “on-off” control, not 
proportional, and, generally speaking, has the same 
limitations as a mechanical speed-ratio changer. 
The eddy-current coupling drive without a feed 
back regulator is inherently an adjustable varying 
speed drive. However, used with a feedback regu 
lator, it takes on adjustable speed drive characteristics. 
Its eficiency at low speed is not too good since the 
losses dissipated in the coupling as heat are approx 
imately inversely proportional to output speed. 
The adjustable-voltage dc shunt motor inherently 
has sufficiently good speed regulation to be satisfac 
tory for many materials handling applications with 








SOME DEFINITIONS 


I'he term “‘adjustable speed drive” is pretty much 
taken for granted. Thus, it might be well to draw a 
contrast between “adjustable speed drives” and “adjust 
able varying-speed drives”. An “adjustable speed drive’’, 
for the purposes of this article, is one whose speed can 
be adjusted gradually over a considerable range, but, 
once adjusted, remains practically unaffected by load 
changes (say 15 percent or less change in speed as load 
changes from no load to full load). An example of an 
adjustable speed drive is a shunt-wound de motor with 
armature voltage or motor field contro] (assuming the 
motor has been designed for the speed range by field 
control). 

On the other hand, an “adjustable varying-speed 
drive” is one whose speed can be adjusted gradually but, 
once adjusted for a given load, varies considerably with 
changes in load. An example of an “adjustable varying 
speed drive” is a slip-ring motor with secondary resist 
ance control or an eddy current coupling type of drive 
without a feedback speed regulator (see Figure |] 

Another commonly used classification is “multi-speed 
drive’; here the drive has two or more distinct selectable 
speeds which remain relatively constant independent of 
load changes. This type of drive is neither adjustable 
speed nor adjustable varying-speed since its speed cannot 


be gradually adjusted. However, it is mor arly like 
the adjustable speed drive since its speed 1s not materially 
affected by changes in load 

I'hese definitions are not the only accurate definition 
which could be given for these drives, but should conv 
some understanding of what is meant by the terms 
rhis article is primarily concerned wit! idjustabl 
speed drives” as defined above 


a) 
v 
@ 
a 
w 
=] 
Qa 
+ 
is) 
Cc 
ae 








TYPICAL ADJUSTABLE SPEED DRIVE CHARACTERISTICS 






































CONTROL USUAL RELATIVE 
DRIVE TYPE MEANS SPEED FEEDBACK INITIAL COST REMARKS 
RANGE SEE NOTE 1 
MECHANICAL manual 3:1 (1) 
SPEED RATIO (up to 10:1 lowest simplest 
CHANGER pilot motor available) “‘on-off"’ (1.1) 
ELECTRICAL manual 3:1 - (1.3) 
AC COMMUTATOR (up to 20:1 intermediate brush shifting 
MOTOR pilot motor available) “‘on-off”’ (1.4) motor 
coupling poor efficiency 
EDDY CURRENT control 10:1 proportional (1.4) at low speeds; 
COUPLING field almost always 
voltage closed loop 
control 
highest 
armature 8:1 proportional (1.5) constant torque 
NOPE IE- eee emE Cie voltage characteristic 
DC SHUNT MOTOR constant 
motor field horsepower | 
voltage 20:1 proportional (1.5) characteristic 








NOTE 1: Because of the many possible circuit arrangements, no exact cost relationship can be stated 
The numbers in parentheses are for typical commercial systems. Particular applications may vary markedly 


NOTE 2: Response times of most drive systems range from one to several seconds; 


are not usually a timiting factor in materials handling applications. 
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out a feedback regulator. However, it is very casily 
idapted to feedback systems where requirements 
make it necessary. ‘he shunt-motor speed can also 
be controlled by motor field control. However, th« 
drive characteristic here is constant-horsepower, not 
constant-torque, which the great majority of ma 
terials handling applications demand. 

Both basic types of electri adjustable speed drives 
have a higher initial cost than the mechanical speed 
ratio changer, but this is-offset by the formers’ eas¢ 
of control, wide speed range, high degree of flexi 





bility for feedback control or programming, and 
iccurate speed control. ‘The various drives are com 
pared in the table on typical drive characteristics. 

l'o these general aspects of applying adjustabl 
speed drives to materials handling equipment should 
be added the literally hundreds of particular drive 
requirements, each inherent to the type of materials 
handling equipment considered. ‘The more impor 
tant drive characteristics needed by materials han 
dling systems can be illustrated by several tvpical 
ipplications. 


REQUIREMENTS OF TYPICAL APPLICATIONS 


GRAB BUCKET HOISTS 


(here are a number of types and variations of grab 
bucket hoists used to handle bulk materials such 
as iron ore and coal. Consider one of the more 
common types, the “holding and closing line” 
arrangement. Figure 2 illustrates the reeving com 
monly used for a holding line/closing line combina 
tion. ‘The open bucket is lowered into the ore o1 
coal pile, where it is closed by taking in rope on 
the closing drum. When the bucket is closed, the 
holding line and closing line drives are operated 
simultaneously to take in the rope on both lines 
and to hoist the bucket. During the hoisting opera 
tion, it is essential to divide load properly between 
the hold and close lines to keep the bucket from 
cracking open and to prevent overheating of cither 
motor due to unbalanced loads. 

When the bucket has been hoisted and relocated 
over the point where it is to be dumped, rope is 
paid out on the closing line to dump the load. 


Hold drum 


ao 
\ Close 


drum 


a | 


\ | | 
} 
| 


Hinge point 





FIG. 2. Schematic of hold and close line bucket hoist. 
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\loving back over the orginal pile, the operator then 
simultaneously operates both the holding and clos 
ing line drives to lower the bucket. ‘The bucket 
must be open as it falls to dig into the pile. If the 
closing line was paying out slower than the holding 
line, the bucket would begin to close. If the closc 
line was paying out faster than the holding line, the 
closing line might snarl. Admittedly, speed-match 
ing need not be accurate because hoisting distances 
are usually short, but a speed-matching control of 
some kind between the drives is very desirable. 

Since this type of hoist is very often operating on 
1 tight time cycle, fast response is important. 

(he mechanical equipment usually represents an 
investment of several hundred thousand dollars, so 
the drive should be designed for smooth acceleration 
and deceleration to minimize shocks. Attention to 
this effectively reduces mechanical maintenance 

Study of these requirements has led to the wid 
use of adjustable-voltage drives for the hold and 


close lines. Each drive consists of a shunt-wound 


dc motor powered by a separately excited de gen 
erator. ‘The generator shunt field is excited bv a 
multi-field rotating amplifier (amplidyne). By using 
several control fields (usually four), it is possible to 
provide all of the above required features. Figure 3 
is typical of the basic circuit employed. ‘The refer 
ence field (F4-F5) establishes the voltage (o1 speed 
at which the drive is to operate. A voltage feedback 
from the generator armature through field F3-F4 
causes the voltage to be regulated at the level estab 
lished by the reference. In addition, the same field 
I'3-F4 is used to limit the maximum armature cur 
rent to a predetermined value during acceleration 


Current limit 


Since motor field excitation is held constant, the 
current-limit feature is in effect a “torque limit” 
During acceleration and deceleration, the torque of 
the drive rapidly (less than a second) rises to and 
is maintained at this torque limit. Consequently, 
the average torque during acceleration is much higher: 
than for the same peak torque on a constant poten 
tial rheostatic control. For example, if the average 
torque required during acceleration was 150 percent 
of rated motor torque, the current limit would be 
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FIG. 3. Adjustable-voltage drive. 
Voltage regulator with current limit control. 


set at this value. However, if an equivalent average 
iccelerating torque wer¢ required from the constant 
potential drive, torque peaks of 200 percent or higher 
would be needed to obtain an average of 150 pet 
cent torque because of the familiar saw-tooth charac 
teristic. ‘This is illustrated by Figure 4, where the 
lotted line is the characteristic with current limit 


ontrol and the solid line represents the constant 


potential drive characteristic. Maintenance records 
ndicate that elimination of the sharp torque peaks 
nd consequent shock encountered with a constant 
potential drive very materially reduce mechanical 


maintenance and increase expected cable lift 
Load dividing 


\nother field on the amplifier, not shown, pro 
vides load-dividing and speed-matching characteris 
tics. When speed matching is required, the counte: 
emfs of the two motors are compared and the result 
ing error signal fed back to correct the voltage of 
the appropriate generator. When load dividing i 
required, the voltage drop across two armature circuit 
resistors is compared and the voltage of the appro 
priate generator corrected. 


Response 


Che rotating amplifier inherently has fast respons¢ 
Q.2 sec), and this, coupled with the forcing effect 
of the gain in the feedback system, permits verv good 
overall drive response. (Acceleration from standstill 


to full speed in 2 to 3 sec is quite common 


Efficiency 


As can be seen from Figure 3, large power con 
tactors and banks of accelerating resistors are not 
required with the adjustable voltage drive. ‘This 
materially reduces the maintenance on the control 


rated speed 


Percent 
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FIG. 4. Speed-torque characteristics of constant 
potential control and current limit control 


equipment and climinates the izable amount of 
power loss in these resistors during acceleration and 
deceleration. Also, during regeneratiy onditions 
the regenerative power is pumped back into the 
power system for use elsewhere; in th ynstant 
potential system most of this powet lissipated 
ind lost as heat in the resistors. Ke from one 
installation indicated that the “power consumpti 
per ton of material handled” for an adjustable volt 
ge equipment was approximately 50 percent of the 
“power consumption per ton of a constant poten 
tial equipment at the same installatior 

Initial cost of the adjustable voltage drive is great« 
than for a constant potential drive (see table on drive 
haracteristics). However, when duc lerat 

given to the reduced maintenance, lower powe1 
sumption, smoother control, and reduced 
itor fatigue allowed by the adjustable voltage d1 
the added cost can frequently be justified 
SKIP HOISTS 

Blast furnace skip hoists have many of the sam 

quirements as the bucket hoist. Here, however 
reliability is extremely important since t hoist 
the only way to charge the raw mate to the 


furnace. ‘This has led to a two-motor, 1 nera 
irmature circuit illustrated in Figure 


two separate m-g sets, two motors, and two rotat 
amplifiers (one spare I'he two motors are mecha1 
cally coupled to two separate shafts on the hoi 
machine gear reducer. ‘Therefore, if ai tor, gel 
erator, generator drive motor, or rotating amplih 
should fail, it is possibl« to switch to a 
single generator arrangement, and operate at re ( 
capacity (usually about 75 percent) until the othe: 
drive can be put back into service. ‘Th uplication 
of equipment 1s frequently carried back through the 
m-g set starter and distribution svstem to the man 
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FIG. 5. Motor and generator armature circuit for skip hoist 
drives shows duplication of equipment for maximum reliability. 


power source. With the series loop circuit shown 
in Figure 5, the load dividing control for bucket 
hoists is not required for the skip hoist drive, sincc 


the same current flows in all machines. 
CRANES 


In many crane applications today, increased im 
portance is being placed on smooth, gentle control 
of the hook. On many cranes, accurate spotting of 
the load is also essential. It is doubly important, 
therefore, that the speed-load characteristics of the 
drive be flat. In other words, it is desirable that 
hook speed remain constant on a particular master 
switch speed point, irrespective of load. 

For years it has been recognized that an adjust 
able voltage drive was the solution to these problems 
But it is only recently that adjustable voltage drives 
have become competitive in price with other ac sys 
tems capable of good results on these applications. 

Since the expense of a regulating system can 
not usually be warranted for a crane hoist, som 
other means of controlling the rate of rise of gener 
itor voltage was necessary. One solution might have 
been to design the generator-field time constant to 
limit the rate of rise of generator voltage, but this 
would have been expensive since each crane might 
require a different time constant, and might have 
hampered adjustment in the field. A common 
scheme is to provide a damping motor in the gen 
erator field circuit for easy adjustment (Figure 6). 

Once again, the adjustable voltage drive elimin 
ates large de power contactors, materially reduces 
maintenance, and (almost invariably) allows fewe1 
collectors between the crane trolley and bridge. 

[he speed-load characteristics of the standard 
nonregulated adjustable-voltage hoist drive are quite 
flat and give excellent performance for spotting 
loads (see Figure 7). Furthermore, speed characte1 
istics can be adjusted easily in the field by small 
adjustable resistors on the control panel. Con 
trast this to the relatively clumsy and difficult job 
of moving power cables on a secondary resistor fot 
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FIG. 6. Adjustable voltage shunt motor drive for crane hoists 
uses a damping motor to control generator field build-up. 














lIG. 7. Speed-load characteristics for drive of Figure 6 





































1 wound-rotor motor control. Many cranes do not ing of two drives, or to provide some other special 


require these refinements, but this is becoming the function. Figure 8 illustrates a system which 
exception rather than the rule. required very close speed regulation and speed-match 


ing of a system of conveyors. 


BULK HANDLING CONVEYORS 





Ihe entire ac-driven ore stocking system is con 
In the past, bulk handling conveyors have almost trolled by one operator at the car dumper station and 
always been constant speed drives. One of the major is sequence interlocked. ‘The entire de adjustable 
problems in applying drives to a belt conveyor was voltage-driven ore reclaim and ship loading system 
controlling the rate of acceleration of the drive to is controlled by one operator aboard the ship loader, 
remain within the allowable limits of belt tension and by means of high accuracy speed matching con 
and reduce slippage between drive pulley and belt. trols between the various conveyors thc tem is 
Need is increasing for adjustable-speed bulk made to function like a water hose cont 1 from 
conveyor drives. For example, in coal processing the nozzle. 
plants it may be desirable to adjust the speed of \dmittedly, this is an unusual ipplication and 
the conveyor to reduce degradation of the coal when most bulk handling conveyor systems could not wat 
it is discharged from the conveyor. And when rant such a complex adjustable speed system. Never 
belt-type ship-loaders are used to load bulk materials theless, increased capacities and larger demand for 
into ships, it may be desirable to control the flow automatic operations may make such systems com 
into the ship, depending upon size of ship and monplace in a relatively few years 


what point in the ship is being loaded. 
[he two most common adjustable speed drives fot 


PRODUCTION CONVEYORS 


bulk-handling conveyors are the adjustable voltage Production conveyors are those wh transport 
ind the eddy-current clutch types of drive. There components, sub-assemblies, and final mb] 
are two objections to the latter. As mentioned a manufacturing operation. ‘The most u i] 
previously, in order for the eddy-current clutch drive rapid changes are occurring in the “mass production 
to be a satisfactory adjustable speed drive, tachometer industries, such as automobiles and app! 
feedback control must be added to flatten the speed \ few years ago, production conveyor drives wer 
load characteristic. Also, because bulk-handling con ilmost universally constant speed; a hanica] 
veyors range in drive size up to several hundred horse speed ratio changer was used for speed adjustment 
power and run almost continuously, power losses l'oday models and production rates ar ntinuall 
can be very high if reduced speed operation is main changing, and whole systems of conveyors must b 
tained for extended periods. ‘Therefore, where long synchronized to operate in perfect rhythm, so th 
periods of operation at reduced speed are expected, constant speed conveyor drive is not sufficiently flex 
the adjustable voltage drive is probably the bette ible. It is a serious matter, for example, if a refrigera 
choice. What is more, it usually does not require tor door fails to appear at the night place on th 
1 feedback regulator—the inherent regulation of a issembly line at the right time 
shunt motor is quite satisfactory. [he mechanical speed ratio changet sed { 
here are occasions, however, where regulated drives where simplicity and low initial t are th 
systems are necessary to meet more stringent speed prime considerations. However, there is a definit 
ontrol accuracy requirements, to allow speed match trend toward the increased flexibility pr 1 by th 





FIG. 8. Bulk conveyors in this ore-handling system needed tachometer feedback for accurate speed-matching 
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FIG. 9. Position synchronizing for production conveyors. 


, 
electric 


flexibility 


idjustable speed drive, even though that 
for feedback control, programming, etc.,) 
may not be needed immediately. 

K'lectric adjustable speed drives provide smooth, 
ontrolled acceleration by controlling the rate of 
build-up of generator field excitation, or by current 
limit control. ‘his reduces conveyor maintenance 
ind minimizes swaying from overhead conveyors 
[hese drives lend themselves well to control from 
small, low-power signals, making them ideal for 
remote control or for regulated systems such as 
speed regulators or position synchronizing control. 
Considering that the electric drive equipment usually 
comprises only 2 to 5 percent of the total cost of 
the conveyor, the increased initial cost of the adjusta 
ble speed drive is not too great 


FEEDBACK CONTROL 


lhe advantages and refinements of feedback con 
trol have already been discussed in relation to bucket 
hoist and skip hoist drives. ‘These feedback sys 
tems were generator voltage regulators with over 
riding current limit control. The bucket hoist regu 
lator also included a speed-matching or load-dividing 
regulator, depending upon operating conditions. 
Vhe bulk-handling conveyor system of Figure 8 
was also tied together as ; 
tachometer feedback contro 

On production conveyor systems there are a num 
ber of types of feedback control systems used. The 
electronic adjustable voltage drive, for example, is 
ilmost always a regulated drive. It normally con 
sists of a voltage regulator, frequently with IR com 
pensation, and current limit control, and conse 
quently these drives usually have excellent 
speed-load characteristics. As was pointed out ear 
lier, the eddy-current clutch type of drive must also 
be a regulated drive to qualify as an adjustable speed 
drive. Here feedback is from a tachometer genera 
tor, usually mounted on the drive motor. 

‘Tachometer feedback control is frequently used 
on production conveyor drives which require close 
speed control, such as ovens and paint lines. 
Tachometer follower drives are also widely used in 
this field to speed-match a whole system of con 
veyors. In a tachometer follower control system, 
the reference for the “slave” drive is provided by a 
tachometer generator which measures the speed of 
the “master” drive. Usually, the slave drive has 


1 system by means of 
7? 
l. 
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either a speed or voltage regulator to enable it to 
follow the master drive with reasonable accuracy 
Position-synchronizing is another feedback sys 
tem which finds wide use in assembly or testing 
operations. Synchronized transfer of parts or assem 
blies from one conveyor to another is one such 
operation. When a unit passes the transfer point 
on the feeding conveyor, it is essential that an 
empty dog or hook on the receiving conveyor pass 
the same point ready to receive the unit. A “test 
harness” operation also creates a need for position 
synchronizing. The harness is suspended from an 
ovethead conveyor and connected to a unit being 
tested on a floor conveyor. Position-synchronizing 
lows testing with the conveyors in motion. 
Figure 9 shows schematically how two conveyors 
might be position synchronized. A speed potenti 
ometer provides the same reference signal to both 
the master and slave drive, causing them to run at 


the same general speed. However, without some 


i 


further control the speed error between drives would 
be cumulative and the two positions on the cor 
responding conveyors would gradually pull apart 
l'o prevent this, a synchro generator 1s geared to 
the master conveyor, and a synchro control trans 
former is geared to the slave conveyor The two 
svnchros are then electrically connected so that any 
physical displacement of the rotor of one svnchro 
with respect to the other will cause a voltage pro 
portional to this displacement to appear at the 
output terminals of the control transformer. This 
voltage, representing the position error between the 
two conveyors, is fed into a phase discriminator, 
which converts it into a polarized de voltage. his 
new voltage is then superimposed on the reference 
signal to the slave conveyor to speed up ot slow 
down the slave conveyor, as required, to maintain 
position-synchronism between the two 


OTHER TRENDS IN MATERIALS 
HANDLING CONTROL 


mvevors 


Ihe trend to adjustable speed drives and feed 
back control is closely related to the industry-wid« 
movement to more automatic control in manufac 
turing operations. No mention has been made of 
the increasing attention to such things as memory 
systems, programming, static switching, and pun hed 
and magnetic tape controls. ‘These are existing, 
well-established techniques, and it is now simply a 
matter of refining the technology to allow practical 
and economic application to industrial materials 
handling systems. 

Automatic program controls using telephone relay 
ind stepping switch circuits have been used very 
successfully on blast furnace charging systems for 
a number of years, and there is now every indication 
that these controls will be expanded to handle other 
operations around the furnace. Warehousing sys 
tems and order accumulation systems requiring 
memory control are also natural applications for 
static switching and tape control techniques 
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DATA FILE 


RELIABILITY OF REDUNDANT SYSTE! 


W.C. SEDLACEK, Missile Systems Div., Lockheed Aircraft Corp 


System reliability is of great concern to contro] any system, redundant or not, that ha 
engineers in all industries, particularly in aircraft and and subsystems so arrayed 
ordnance. Even with the most conservative approach The reliability values, P,, indicated 
improving reliability of each component—the im are the maximum possible. They do not refi 
provement necessary is radical, and it may take some degradation that will occur in specific appli 
time. Meanwhile, however, redundant components I'he user should exercise his judgment in th 
and subsystems can provide better reliability. of these considerations 
I'hese charts for the control engineer's data file 1. Will failure of any component 
evaluate the reliability of series and parallel arrays iffect the others? 
Similar charts in CDF-3 will cover series links in 2. How much will redundancy it 
parallel and parallel groups in series. CDF-+4 and space, and cost and maintenance? 
CDF-5 will treat decision-switching devices con 3. How about added complexity 
nected in typical combinations. Note that although +. Will concealed component fail 
all the charts were devised to study redundancy, special testing techniques to locate fault 
they are also useful for evaluating the reliability of issemblies? 


FIG. 1. System reliability as a function of n inde 
pendent components connected in series 
Let p reliability of i‘ component. 1 fg 
n 
Since the system fails when one or more components 
fail, the reliability of the system is 
re Pi* Ps* Pp ) 


If the components are equally reliable, then P p" 


COMMENTS 


]. Maximum system reliability requires 

a. Maximum component reliability; 

b. Minimum number of components 
2. Since the state of the art limits component 
reliability and system requirements determine th« 
minimum number of components, system reliability ) - 
is limited. 050 060 O70 08 0.9 
3. System reliability is less than, or at best equal to, Component reliability, 5 
the reliability of the least reliable component 


FIG. 2. System reliability as a function of k ind 
pendent components connected in series 

Let p reliability of 1‘ component. i ae: 

k 
Since the system fails only when all the component 
fail, the reliability of the system is 
P ]— (] Pp ] Pp) ] p 

If the reliability of the components is equal, then 


p. ] ] P 


COMMENTS: 

he reliability of the system is larger than, or at 
least equal to, the reliability of the most reliabl 
component, 
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Hydraulic power steering, probably the 
most advertised the 
market today, is a feedback control system 


servomechanism on 


in which the driver closes the loop. As opera- 
tor of the servo, the driver must sense the 
directional error and then furnish the con- 
troller with the input command necessary to 
reduce the error to zero. But the normal 
human operator, used to manual steering 
and facing the powered version for the first 
time, offers a problem to the systems de- 
signer. His input command to the system is 
biased by past experience, and not enough 
is known of his overall response character- 
istics to build suitable nonlinear mechanisms 
to compensate for this. Hence system de- 
sign is actually a compromise between road 
feel to the driver and his safety requirements 
and reaction time. One particularly interest- 
ing aspect covered here: the effect of steer- 


ing wheel inertia in “snap back” after turns. 


Based on a paper given at the 1955 ASME meetin 
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A Servo Performs for the 


Power cylinder 
Pitman arm 


Steering 


Public’ 


W. E. McCARTHY and W. A. VAN WICKLIN, Ford Motor Co. 


Present-day power-steering gears are classified as 
integral and linkage types. A linkage gear appears in 
Figure 1, which shows a complete system, including 
hydraulic pump, power cylinder, control valve, and 
common automotive components. Simplified sche 
matic diagrams of the two types of systems, with 
only their inertia loads represented, appear in Fig 
ure In an integral system, the sensing device, 
power cylinder, and gear reducer are in a single 
housing (the broken line enclosure in Figure 2A). 


Integral and linkage systems 


Ihe difference between the manual input torque, 
I’; (Figure 2A), applied to the steering whecl, and 
the reaction torque, accelerates the steering wheel 
of inertia ];. Successive integrations yield the input 
angle 6;, the steering wheel’s angular position. ‘This 
angle is compared to angle N@,, and the difference 
between the two angles, E, positions the control valve 
for the hydraulic amplifier. ‘The manual reaction 
torque felt at the steering wheel is transmitted 
through a spring of rate K to the gear reducer with 
torque output of T’,,. ‘Torque output of the system, 
I’,, is the sum of the manual reaction torque, T, 
and the torque obtained from the hydraulic ampli 
fer, I’. Output position is fed back through the 
same members to the input side of the gear reducer. 
I'he position feedback, Né,, at this point is at one 
end of the reaction spring, and the input position is 
at the other end. The difference 


between these 






sitions is the error E, and the reaction torque is KE. FIG. 2. Simplified block diagrams. 
Linkage and integral power steering are quite sim 
ir. However, for a linkage type booster to have the 
me gain and road feel as an integral type, it must 
e provided with an extremely stiff spring, or a large 
\vdraulic reaction area, or some combination of both 
Hydraulic reaction is most often used because of the 
ficulty in providing such a very stiff spring in a 
mited space. In the linkage system, the steering 
vheel inertia appears N times as large to the cen 
ering spring as it does in the integral type. Consc 
juently, recovery or self-aligning rate would be very 








g 
slow unless the valve centering force was similarly | 

. ' 
ncreased. 


\n expanded block diagram of the linkage system 
1 Figure 2A is presented in Figure 3; it consists of 
e principal loops: 

1. Forward or main loop 

2. Load loop 

3. Position feedback loop 





+. Velocity feedback loop 

5. Reaction and manual torque loops 

In the forward loop, the algebraic difference be Amplifier 
tween the applied torque and the reaction torque i.) 


produces an acceleration on the steering wheel 
nertia, J;. ‘he operation 1/D* (D representing the 








lifferential operator d/dt) on 6; is a double integra a 
tion with respect to time, yielding 6;. The pitman abe ——— 
haft position, @,, is found by dividing 6; by the gear 

itio, N. Valve spool position, X;, is the product of = LINKAGE TYPE 


tman shaft position times pitman arm radius, R, 


FIG. 3. Expanded representation of linkage-type system. 
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FIG. 5. Valve characteristics. 


Relative motion of the valve spool with respect to 
valve body is the system error, E. Pressure across the 
piston in the power cylinder is a function of the 
error, E, and the flow rate, O,,, between the valve 
and cylinder. Pressure P acting on the cylinder area, 
\,, gives the power force Fy, on the spindle arm 

The load consists of external torques about the 
wheel spindle, caused by wind loads and road crown, 
torque of the tire against the road, and the inertia 
loads of the steering linkage and front wheels. Differ 
ence between output torque, T,, from the power 
steering gear and the road load torque, Ty + T», will 
accelerate the road loads J2 + J,. Integrations on 
the angular acceleration of the road wheels with 
respect to time give the velocity and position of the 
wheels. The angular position of the road wheels, @., 
multiplied by the spindle arm radius, R,, determines 
the control valve body position. The flow rate from 
the control valve to the power cylinder, O,,, is ob 
tained by multiplying the angular velocity of the 
road wheel by the spindle arm radius and by the 


6.R.A 


area of the cylinder (QO, 
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Steering reaction 


lhe reaction and manual torque loops give “feel” 
to this controller. Opposing the system error is a 
centering spring and a hydraulic reaction area, both 
acting between the valve spool and valve body. ‘Thre« 
tvpes of power steering reaction, shown in the gain 
curve, Figure 4, can be obtained by variations in 
this loop. The constant gain, or full-time system, 1s 
produced when there is no centering spring force 
Because the cylinder and reaction areas are both 
fixed, the ratio of output to reaction torque remains 
constant for all pressures. Preloaded spring type per 
mits operation of the system as a manual steering 
gear until the reaction torque equals the preload 
torque. Hence, no position error exists in the system 
until the reaction torque exceeds the preload torque 

If the centering springs are not preloaded, any 
manual torque will cause some positional error and 
produce a pressure differential on the power cylinder. 
Any reaction torque back to the steering wheel 
reflects the same torque to the load, where it 1s 
added to the power torque from the cylinder. If 
both the centering spring force and the hydraulic 
reaction force are zero at all times, there would be a 
full-power system with effortless steering but with 
out recovery. Recovery is obtained only by the 
reaction torque, and to increase the recovery rate, 
either the reaction torque must be increased or the 
steering wheel inertia must be decreased 


Valve characteristics 


Ihe heart of this steering-gear servo is its error 
detecting device—a four-way hydraulic slide valve in 
an open-center system. Figure 3 shows that the pres 
sure output from the valve is a function of the valve 
position and the flow rate, O,,, to the cylinder. ‘The 
pressure differential, existing across the cylinder 
when the control valve is operating within the region 
of underlap, is plotted in the family of flow-rate 
curves appearing in Figure 5. During fast steering 
maneuvers the power cylinder piston may displace 
fluid at a rate that approaches the supply flow 
On = O,). When the required flow rate to the 
cylinder exceeds the supply flow rate, the pressure 
differential across the power cylinder is negative, 
opposing the piston motion, and the driver may 
exert greater effort than required for even standard 
manual steering 

This effect can be reduced by incorporating a 
by-pass valve in the power-steering gear, as shown 
in Figure 1. By opening whenever the return pre: 
sure is greater than the supply pressure, it allows 
some of the return oil to join the supply flow and 
prevents the opposing pressure differential from b« 
coming excessive. An increase in the required flow 
rate to the cylinder, decreasing the pressure across 
the actuator, has the effect of positive damping- 
one of the most important forms of damping in 
hydraulic-steering systems. 


Time lag in steering system during recovery 


RESPONSE TIME AFTER RELEASING WHEEL (SECONDS 


INERTIA LOAD mnESSURE CONNECTING whee tt 
NO WHEEL 0.003 | 0.003 | 0.025 0.025 
30% OF STANDARD | 0.020 0.090 0.100 
40% 0.058 0.140 0.160 
100% 0.080 0.085 0.153 0.200 
165% 0.109 0.110 0.168 0.230 
218% 0.200 0.280 0.300 


Steering-wheel inertia 


Very little attention has been paid to the effect 
f steering-wheel inertia on servo performance. ‘The 
ormal steering wheel in today’s car has an inertia 
yf approximately 1.62 Ib-ft?, which may apply a 
torque of several pound-feet to the servo input 
haft during normal recoveries. High-inertia stec1 
ng wheels are less responsive to road disturbances 

tire unbalance Here torque attempts to 
position the servo valve so that it 
trary to the demands of the cylinder, thus slowing 
ind increasing the time lag in 


forces. 
functions con 


the steering recovery 
the vehicle’s steering components lime lag is 
lefined as the time interval between release of the 
nput torque and the instant the system component 
esponds. 

l'ypical oscillograph records showing the effects 
f two different steering-wheel inertias on the recov 
are shown 


whil¢ 


characteristics of a moving vehicle 
n Figure 6. ‘The records obtained 
riving a car in a tight circle at 10 mph and then 
eleasing the wheel for a free recovery. A 40-percent 
time lag is evident between the two inertia torques 
Phe output load 


WCIc 


rossing the zero reference line 
is retained 40 percent longer and 
recavery rate from 47 to 40 deg per second 


reduces the 


FIG 6. Effects of steering-wheel inertia. 


Ihe 90-cps oscillation in the input torg 

ply pressure and output load during initial recover 
is the reflection of the valve’s transient instabilit 
If a few points from Figure 6 are projected 

Figure 5 the valve characteristics become mor 
apparent. At 0.15 sec, the output angul 
is zero and the hydraulic pressure is about 300 p 
Five hundredths of a second later, the output 
velocity is 47 deg per second and the pr 
around 200 psi. Between 0.25 and 0.3 th 
velocity 
approaches its original valu 


goes to zero momentarily ar 
Varving th 
load gave rise to recovery rates ranging fron 
per second at zero load down to 30 deg px 
at 218 percent of inertia load 


recovery—at 100 percent of standard load | 


standard 
per second lime lags measured in th 
shown in the table on this page 

Data presented in the table and in Figur 


obtained from an integral-type steering ¢ 
a linear rate spring, the rate spring for eing 
directly proportional to the servo-system error. S$ 
even a small torque, such as the steering wl 


tia torque, will produce a finite error in the 
tem, adjustable preloaded centering springs 
used. ‘They prevent the steering-wheel inert 


from becoming a command to the serv 


demanding a minimum input torque 

] 1 
valve operates. Hydraulic reaction will a 
benefit because it increases the react 


which, in turn, helps accelerate the steerin 
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What's Available for 
MEASURING MASS FLOW 


GEORGE T. GEBHARDT, Boeing Airplane Co. 


THE GIST: Volumetric flow measurement may be 
satisfactory for many applications, but for others 
mass flow measurements are needed. One such 
need occurs in the aircraft industry: the range 
capability of jet aircraft depends on the energy 
available in the jet fuel, and this energy is de- 
termined by weight, not by volume. The tem- 
perature extremes occurring in flight change 
fuel density considerably and preclude volume 
as a reliable measurement of available energy. 
Thus, the pilot wants to know how many pounds, 
not gallons, of fuel the plane carries and how 
fast, in pounds per hour, the fuel is being con- 
sumed. 


Industrial applications require accurate, re- 
liable flowmeters, too. Though this survey was 
carried out with the aircraft industry in view, 
the operating principles presented by author 
Gebhardt also apply to industrial flowmeters. 
The representative flowmeters employ many in- 
teresting principles, some—the axial-flow and 
gyroscopic types—yielding true mass flow, 
and others—the venturi, acoustic velocity, and 
turbine types—measuring volumetric flow and 
requiring density compensation to yield mass 
flow. The table at the right summarizes operat- 
ing principles, density correction method if 
needed, availability and application, and man- 
ufacturer of the flowmeters described in the 
following pages. 


In next month’s CONTROL ENGINEERING 
Dr. J. H. Laub writes on the boundary-layer true 
mass flowmeter, a type not covered here. He 
will describe the operating principles of this 
method of measuring true mass flow, discuss de- 
sign procedures, and present typical closed-loop 
control applications using electrical and pneu- 
matic signals. 
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MASS FLOW MEASURING TECHNIQUES 





























COMPANY FLOWMETER: DENSITY APPLICATIONS 
PRINCIPLE CORRECTION AND 
OF OPERATION AVAILABILITY 
General Angular momentum None In use on 
Electric reaction torque required aircraft for 
Company (axial flow type) engine fuel flow 
and inflight 
refueling 
Avien Angular momentum None In use on 
reaction torque required aircraft for 
(axial flow type) engine fuel flow 
instrumentation 
Control Angular momentum None In production 
Engineering reaction torque required for industrial 
Corporation (gyroscopic type) applications 
Bendix, Differential Series of In use on 
Eclipse- pressure developed floats va- tanker-type 
Pioneer by a venturi ries inputs. aircraft 
Division Voltage-to- 
differential 
pressure 
transducer 
Maxson Measures Measures Available 
Engineering difference in acoustic hoth for 
Corporation transit time of impedance, aircraft and 
acoustic waves which is a industrial use. 
traveling function of (Fischer & Porte: 
upstream and density Co. handles 
downstream industrial type) 
Potter Spinning rotor Float type Available for 
Aeronautical densitometer industrial use 
Company 
Revere Spinning rotor Servo- Available for 
Corporation balanced industrial use 
of America float 
coupled 
to vanes 
located 
upstream of 
Spinning 
rotor 
United Spinning rotor Float type This company 
Control densitometer not presently 


Corporation 


active in 
flowmeter field 











TRUE MASS FLOWMETER 


Angular Momentum Principle—Axial-Flow Types 
he axial-flow type of true mass flowmeter works on 
the principle of conservation of angular momentum 
\n impeller driven at a constant angular velocity im 
arts angular momentum to the fluid being measured 
(he fluid’s rate of change of angular momentum as it 
leaves the impeller is proportional to the impeller’s 
velocity and to the mass rate of fluid flow. A torque 
ensing wheel, located adjacent to and down-stream of 
the impeller, removes the angular momentum from 
the fluid at the same rate the fluid gains momentum 
from the impeller. If the impeller’s angular velocit) 
emains constant, the torque on the sensing wheel i 
proportional to mass rate of fluid flow. 

In the General Electric flowmeter design, Figure | 
1 regulated motor-generator power supply drives th 
impeller at a constant frequency. The down-stream 
sensing wheel spring-restrained and magnetically 
coupled to an angular-position pickoff. A stationan 
disk reduces viscous coupling between the impeller and 
sensing wheel at zero flow. The pickoff’s output volt 
ge, proportional to mass flow rate, feeds into a servo 
implifier, a rate meter, and an integrator-counte1 


1S 


( 





FIG 





5 
y 
~ ‘ 

[his type of flowmeter is simp] compared 
ther methods of obtaining t m flov t 
naccurate at low flow rates, where ext 
xert their influenc it can measure flow 
lirection, and cannot measure rapk an 
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TRUE MASS FLOWMETER the mass flow rate requires a constant ang ty 
But the angular velocity, being proportional t 
The Avien flowmeter, Figure 2, also operating on frequency, varies with changes in line frequen Su 
the axial-flow principle, contains two impellers driven variations can be compensated by feeding t tran 
in Opposite directions and at a speed proportional to ducer output signal into a line-frequen ting 


line frequency. This arrangement permits measure 
ment in either direction of flow in a pipe. A sensing 
wheel, restrained by an_ electromechanical 
rather than a mechanical spring (see Figure | 
the angular momentum from the fluid. 
motor ‘providing the restraint receives an amplified 
potentiometer signal which is proportional to the 
ngular position of the sensing wheel, and thus pro 
portional to the mass flow rate times the angulat 
velocity of the impeller. 

lo make the flowmeter output dependent only on 


torque! 
, removes 
The torque 


network and 
amplifier-recorder. 
from nominal the 


work changes in the proper direction to 


using the resulting output to 
When the line freq 
attenuation of th 


the change in impeller angular velocit 
Figure 2 shows a total-flow recorder. Ma 


can be indicated by using a drag-cup meter. | \ 
flowmeter, unlike the GE flowmeter, m«¢ 
tional flow However, it has a higher | 
because of the restriction to flow resulting from th 
inclusion of the second impell 

FEBRUARY 1957 9] 


l 


ae ee oe 









































4 
r =) \ TRUE MASS FLOWMETER 
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Daa < Lil dita a ' , 
\ lay Angular Momentum Principle—Gyroscopic ‘T'ype—The 
i KE TThe , Control Engineering Corp. flowmeter, Figure 3A, also 
—_— If 7 operates on the conservation of momentum principle 
8 ligure 3B shows the pipe configuration used as_ the 
t measuring element. ‘The flowmeter resembles a gyros 
=a Az cope and its operation is most readily explained in 
~ 2 ? 
gyroscopic terms. In Figure 3B, the C axis is equiva 
‘ : lent to a gyroscope’s spin axis, fluid motion in the pips 
(A : : 
section perpendicular to the C axis replacing the 
spinning wheel [he entire pipe assembly is rotated 
ibout the A axis, which corresponds to the precession 
ixis of a gyro Ihe mass flow rate produces a cot 
responding torque about the B axis [he pipe loop 
parallel to the C axis corrects for centrifugal force 
J produced when deflection occurs about the torque axis 
| : | I'lexure pivots connect the pipe elements to the 
using element. Sensing element deflection, propor 
tional to torque or mass flow rate, is picked up by an 
clectromagnetic rotary transducer, whose signal is cat 
FIC. 3 ried by slip rings to an amplifier, and from there to a 
tae flow rate meter and to a photoelectric pulse former and 
sunter to yield total flow. 
el his instrument has been highly developed for indus 
1 g 
NBN (B) trial uses, even for nonhomogeneous fluids. However 
its intrinsic configuration makes it bulk 
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VENTURI-TYPE FLOWMETER 


Ihe Bendix flowmeter, Figure 4, uses a venturi as 
the sensing element. Since mass flow is equal to the 
product of density times Ap measured at the venturi, 
it 1s necessary to use a densitometer and also to correct 
for the square-root function. ‘To do this, a Ap dia- 
phragm operates against a spring with stiffness pro 
portional to displacement squared, thus creating a dis 
placement of the transducer core oportional to the 
square root of Ap. The excitation vu..age for the trans 
ducer comes from the densitometer, which yields a 
square-root-of<lensity voltage depending on the num 
ber of density-sensitive float-switches operated. Because 
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the transducer output voltage is the product of th« 
core displacement (volume flow) and the excitation 
voltage (density), it is proportional to the mass flow 
rate. The output voltage feeds into an amplifier, drive 
a motor at a speed proportional to mass flow rat 
operates a magnetic drag-cup rate indicator, and tota 
the flow on a counter. 

[he small pressure drop in the venturi and the ab 
sence of mechanical components in the flow stream ar« 
desirable characteristics of this system. However, ce1 
tain other characteristics may be disadvantageous: non 
linear output, small contact pressures in the densitom 
eter switches, and the step-type densitometer 
possibly giving insufficient resolution. 


I 
I 
] 
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ACOUSTIC VELOCITY FLOWMETER 


[he Maxson flowmeter, Figure 5, measures the 
elocity of fluid flow with acoustic wave-trains. It is 
ssentially a volumetric flowmeter and therefore re 
juires a densitometer to measure mass flow rate. Two _— 
ets of crystals (each set a transmitter and a receiver), 
me angled upstream and the other downstream, trans 
nit and receive acoustic wave-trains. Each crystal set 
yperates as follows: a short train of 10-me oscillations 
ym a generator is converted into acoustic energy to | : 
the transmitter, projected through the fluid, and picked ats 
ip by the receiver across the tube. After being ampli ‘ 
fied, the received signal retriggers the generator and 
nother energy train is repeated around the loop. The J 
repetition frequency depends on the time it takes for 
the energy to cross the tube and on whether the signal 
sent at an upstream or downstream angle. 
[he upstream repetition frequency is f v + V cos 
2d and the downstream repetition frequency is f 
\ V cos 6)/2d; where v is the acoustic velocity, \ 
the fluid velocity, d the distance between the transmit PIG. 5. 
ter and receiver,-and 6 the angle between the signal 
direction and the fluid flow direction. The beat fre 
juency f f, equals V cos 6/d, and is therefore propor 
tional to the fluid velocity but independent of the acous signal and the density 
tic velocity output is proportional 
\nother crystal, placed in contact with the fluid, puter also contains an it 
letermines the density. This crystal, in series with an vields both mass flow ra 
inductance, forms a tuned circuit, so that the voltage Because the sensing 


icross it is directly proportional to the product of the section of pipe, no adc 
lensity and the acoustic velocity. Dividing this product duced in the flow syster 
by a voltage proportional to acoustic velocity (obtained measure a wide variety 
mm one of the oscillating loops in which the voltage, must not contain solids 


the fluid velocities normally encountered, is propor size to the wavelength 


nal to the acoustic velocity) vields a density signal electronic equipment ci 
\ computer multiplies the beat frequency (velocity for some applications 
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TURBINE-TYPE FLOWMETER 


Simple Float Densitometer—In the Potter mass flow 

meter, Figure 6, the familiar turbine-type volumetric 

flowmeter, in conjunction with a float densitometer, ' 

gives a mass flow reading. A permanent magnet in aadiaebid 
the rotor generates an alternating current in a coil lo 

cated in the external housing. The generated frequency = 
is proportional to the volumetric flow rate. An ele 

tronic converter changes the frequency signal into a dc 

voltage proportional to volumetric flow rate. A sepa 

rate float positions an angular transducer, which pro Tht 
duces a de output voltage proportional to fluid density 
he signals from the densitometer and frequency con 5 a as 
verter are fed to a computer, whose output is the product Qs Se Viren 
of density and velocity, or mass flow rate. Computer 
utput can operate a flow rate meter or can be integrated \ : 
o record total flow on a counter. Annan < 
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[he turbine-type sensing element is available in , Jaoonr 
many sizes and ranges and for many fluids. Against 
this advantage is the fact that the conversion of the 
frequency signal to de (as required for compatibility 
with the de densitometer signal) precludes direct us« 
of the frequency signal for accurate counting 
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TURBINE-TYPE FLOWMETER 


Adjustable-Vane Densitometer—The densitometer de 
veloped by Revere, Figure 7, provides mass flow rate 
measurements in conjunction with a turbine-type volu 
metric flowmeter. ‘The densitometer consists essen- 
tially of a float balanced by an on-off servo-controlled 
movable weight. ‘To increase sensitivity, the movable 
weight attached to the float is designed to hunt about 
the balance position determined by the density. For 
example, when a change in density causes the float to 
drop, the lower magnetic switch (lower left, Figure 7) 
closes and operates the motor and lead screw to move 
the weight to the left. This automatic weight balancing 
simultaneously drives a vane-adjusting screw so that the 
position of vanes upstream of the turbine’s impeller is 
determined by the fluid’s density. 


TURBINE-TYPE FLOWMETER 


Closed-Loop Servo Float Densitometer—In United 
Control's flowmeter (Figure 8) the impeller, whose 
speed is proportional to volumetric flow, generates a 
two-phase signal which (after amplification) drives a 
synchronous motor. The motor speed, a facsimile of 
impeller speed, then becomes proportional to volumetric 
flow rate. The motor drives rate and total flow indica- 
tors through variable-ratio drives. To obtain mass flow 
readings at these indicators, the densitometer adjusts 
the ratio so that the output of the drives is proportional 
to the product of volumetric flow rate and density. 
Floats in the densitometer position a differential 
transformer as a function of density. A density change 
produces an error signal, which, after amplification, 
drives an induction motor. This motor positions a 
second differential transformer until the error reduces 
to zero and also adjusts the variable-ratio coupling to 
the indicators. A drag-cup indicator shows mass flow 
rate, while a counter pulsed from the commutator shows 
total flow. Pulse counting improves accuracy of total 


flow measurement. The closed loop limits errors in the 
densitometer; however, drifts in transformer outputs 
caused by temperature changes) could increase them. 
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FIG. 7. 


Without the vanes the turbine is a volumetric flow 
meter; with them, the turbine becomes a mass flow- 
meter. The vanes introduce a swirl to the fluid just 
before it reaches the turbine, thereby reducing the 
rotational speed of the turbine (for a constant volumetric 
flow) as a linear function of vane position. Since the 
vane position is proportional to density, the output 
of the turbine becomes proportional to mass flow rate. 

\ six-pole magnet driven by the turbine opens and 
closes a magnetic switch which operates into a counter. 
[he count is directly proportional to total mass flow, 
while the count per unit time indicates the mass flow 
rate. This simple recording technique is the main 
advantage of the flowmeter. The adjustable vane in- 
creases pressure drop across the flowmeter and is cor- 
rection-limited to plus or minus 15 percent of density 
change. 
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How the 


Four-Tape Sorter 
Simplifies Storage 







FIG. 1. Four-tape sorter. 


Despite the widespread interest today in large-volume random access memory units, most 
data processing systems still use magnetic-tape storage for master files. To minimize access 
time in such systems, sorting of stored data is essential. One of the most efficient sort- 
ing techniques, and probably the fastest, is the merging-sort method described here. 


RICHARD G. CANNING 
Canning, Sisson & Associates 
University of California, Los Angeles 


Sorting is an essential operation in electronic data 
processing systems that use magnetic tape for storing 
master files. Random searching on tape is, even at 
best, an inefficient process. It compares to searching 
for a word in a random list of words written on an 
incient scroll. ‘The new large-volume random access 
memories which are just beginning to appear will 
greatly reduce the need for sorting; they have the 
characteristics of a book as opposed to the scroll. 
But today, at least, such units cost more per digit 
stored than do tape systems. Since the latter are 
n much wider use, it follows that efficient sorting 
methods deserve some attention. One of the most 
prominent sorting techniques is the four-tape, merg 
ing-sort method. 

he four-tape sorter, a specialized component of 
in electronic data processing system, is designed to 
provide rapid, efficient sorting of data stored on mag 
Few manufacturers of data processing 
systems provide tape sorters as separate pieces of 
equipment. Underwood, RCA, and Marchant are a 
few that do. But most commercial systems require 
that sorting be performed by programming the com 
puter. In such systems, as much input data as pos 
sible are put on punched cards so that the relatively 
eficient punched-card sorters can be used before the 
data ever enter the electronic system. At least one 


netic tape. 


manufacturer (Datamatic) provides special sort com 
mands in the computer to increase the efficiency 
of its tape sorting function. 

Four-tape sorters make use of the comparison-sort, 
or merging-sort, technique. 


As illustrated in Figure 





1, there are two input tapes and two output tape: 
Generally, data are fed to the sorter in random 
sequence on a single tape. ‘These data are passed 
through the sorter several times and eventually end 
up on one tape, in sorted sequence. After each pass 
through the sorter the two output tapes become the 
two input tapes for the next pass. 

The sorter’s objective is to build up ascending 


+ 


sequences of numbers on one of the output tape 

When an ascending sequence can no longer be con 
tinued, the machine switches to the other output 
tape, and starts to build up a sequence there. Each 


pass through the sorter results in longer sequence: 
until, finally, one long sequence is obtained, and th 
information is sorted. A simple example will help 
in understanding the process 


Figure 2 shows two groups of numbers in random 
sequence on two input tape units, A and B \l 
though, as stated, data are usually fed in on a single 
tape, it is possible to feed two random tap¢ lI 


Assuming such an input simplifies the dis 5101 


[he two numbers on top, 13 and 6, are the first tv 
numbers in theit respective tape units. ‘Th 
tive is to build up an ascending sequence on | ( 


as long as possible. 

The sorter first compares the 13 and the ¢ 
chooses the smaller of the two, 6, transferring it to 
tape C, and also to a temporary register, L, inside the 
machine. A small circled 
this first transfer. Now the 


1 beside the 6 indicate 
3 


moves up in tape B to 


and the 3 with each other, and with the 6 wh 
just been transferred (and which is also stored in I 

Since the 3 is smaller than 6, it would be illogical to 
transfer the 3 to follow the 6 on tape ¢ 
choice the sorter has in this case is to transfer th 
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The Three Sorting Tapes 









































gO | 
Tape A Tape @ f Tape C Tape 0 
13 @) 6  / = 6 © 3 @ 
25 ® 3 @ i3¢ 9 ® 
9 ® 47 © 25 @ 47 © 
7@ 32 © 7@ 
32 © 
FIG. 2. First sorting pass. 
30 5 
Tope A Tape 8 a Tape C Tape 0 
6® 30 - 30 7® 
i3@ 9® 6@ 32® 
259 47 ® 99 
7@ 13 @ 
32 © 259 
47 © 
FIG. 3. Second sorting pass. 
30 3 
Tape A Tape 8 any Tape C Tape D 
30+ 70 beg 
6@ 32 6@ 
9@ 7® 
139 9® 
25 © 139- 
47® 25 © 
320 
47 ® 
FIG. 4. Third and final sorting pass. 
13, indicated by the circled 2. Next to be trans 


ferred is the 25, as indicated by the circled 3. 

Then the 9 moves up to take the place of the 25. 
Now the two input numbers are 9 and 3. Both are 
smaller than the 25 which has just been transferred, 
so the sorter switches over to the other output tape, 
D. ‘The 3 is chosen to start the sequence on tape D, 
as indicated by the circled 4. Then the 9 and the 
47 are transferred to tape D, by the same logic. 
Finally, the 7 and the 32, both smaller than the 47. 
must be sent to the other output tape, in this case C. 

The first pass ends after the 32 has been trans 
ferred. 

On the second pass, shown in Figure 3, the two 
input tapes are the output tapes of the first pass 
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On this pass, one string of six ascending numbers 
is achieved while the other string is only two num 
bers long. Figure 4 shows the third and last pass, 
where all eight numbers merge in sequence on a 
single tape. 

This simple example illustrates the major prin 
ciples involved in the merging-sort method. The 
numbers being compared could be much longer; all 
that the sorter must do is find the relative magnitude 
of the two input numbers and the number just trans 
ferred. The numbers being compared (the sort key 
can be just a part of the information in each item; 
the remaining parts would be satellite information 
that is carried along. By means of the alphabetic 
oding technique generally used in electronic ma 
chines, alphabetic information can be sorted in ex 
ictly the same way; in fact, this information can be 
sorted with numeric information at the time 
electronic sorter wer« 
Figure 5 to perform this 
operation. Information would be transferred from 
two input tapes, A and B, into buffer registers in 
the machine. The number of digits which the buf 
fers hold will then determine the length of the items 
which can be sorted conveniently. ‘These buffers 
would feed directly into the arithmetic unit of the 
sorter, where the comparisons would be made. ‘T'wo 
other inputs feeding into the arithmetic units would 
ontain the last item transferred (L) and a set of 
control signals. 

In operation, the sorter would feed these four 
signals to the arithmetic unit 
shown in Figure 6. ‘The three comparison circuits, 
operating in parallel, would simultancously perform 
the three comparisons between A, B, and I Ihe 
control signals would provide an automatic extract 


same 
Suppose an designed as 


shown in merging-sort 


simultaneously, as 


by means of opening and closing three gate circuits 

which would allow only digits in the kevs of A, B, 
and L to get through to the comparison circuits, the 
satellite information being ignored. For each com 
parison, one of two output lines would be energized; 
for example, A=B, or A<B. The same would be 
for Aand L, and B and L. ‘The matrix (e.g., 
would decode which one of the six possible 
only one of the six 


true 
diodes ) 
ombinations existed; that is, 
vertical lines would be energized 
signal on each of its three matrix connections 
this line in turn would energize the desired action 
Thus, as soon as the three keys had been compared, 
proper action would be determined almost imme 
diately. ‘These output signals would then be fed 
to switching circuits, shown in Figure 5, to dete1 
mine whether A or B is to be transferred, and 
whether it is to go to the same or the other output 
tape. 

Special sorters of this type are often limited by 
tape input speed; that is, comparisons can be pet 
formed faster than numbers can be read in from 
tape. The time for one pass through the sorter, in 
this case, is just the amount of time needed to read 
all the information into the sorter. If 1,000 40-digit 


have a 
, and 


would 








tems are to be sorted, for instance, there are 40,000 
gits of information. If the tape reading speed is 
)00 digits per second (rates in commercial ma 
hines vary from 2,000 to 56,000 digits per second 

his would be 8 sec for reading. ‘To this must be 

idded the 1,000 times (one time for each item) the 

ipe must be stopped and started. Assuming 0.010 
ec per stop-start, this is another 10 sec, or a total 
f 18 sec for one pass. ‘The number of passes is 
\pproximated by the formula: 

P log. N 

vhere N is the number of items to be sorted. In 

the present example, it can be seen that 2'° 

024>1,000; therefore, 10 passes is sufficient \t 
8 sec per pass, this equals 180 sec, or 3 min. A 
0-card-per-minute punched-card sorter would re 

juire over 8 min to sort these same 1,000 items 

assuming a 5-digit key), while commercial general 
yurpose drum computers might require 15 to 20 min 
to perform the same sort. 

lhe logic of the above equation is quite simple. 
In the first pass through the sorter, each ascending 
equence will have at least two items. In the next 
yass, the strings will have four items at least Phe 
equences double in length with each pass, until the 
‘tal number of items occurs in one string. 

From the design viewpoint, there are other inte 
sting details involved in these sorters. Among these 
re the need for an even number of passes; the need 
for counting items so that none are lost in the sort 
ng process; methods for sorting items which exceed 
the length of the buffers; running tapes backwards 
n even-numbered passes. ‘These same machines, 
properly designed, can also be used for file separa 
tion and merging. A comparison of the digit-by 

git sorting method with the merging-sort method 
vould also be of interest Ihe reader can find 

nformation on such points i 


the references cited. 
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IG. 5. Simplified block diagram of four-tape sorter 
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FIG. 6. Breakdown of arithmetic unit shown in Figure 5 
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Svivania & Univac’ 


“Blueprint for Tomorrow,” “Office of the 
Future’—these are phraSes used to describe 
Sylvania’s new UNIVAC Data- Processing 
Center. For Sylvania is creatifg, with the 
Remington Rand UNIVAC, a nerve, center 
for its entire decentralized operations is 
utilizing UNIVAC’s electronic speed and Uf} 
rivalled accuracy to establish a priceless 
storehouse of up-to-the-minute manage- 


ment information. This will be available for 
rapid and truly enlightened management 
decisions at all levels, and at all locations. 
Every alert executive should know the 
complete story of Sylvania and UNIVAC— 
a new step towards automation in business. 
Write for EL278, “Is This a Blueprint for 
Tomorrow’s Offices?” Room 1247, 315 


‘Fourth Avenue, New York 10, N.Y. 


DIVISION OF SPERRY RAND CORPORATION 


Makers of: Univac | + Univac 1! + Univac Scientific + Univac File-Computer « Univac 60 « Univac 120 + Univac High-Speed Printer 
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Sampled-Data Systems 


THE GIST: In systems where the controller is a digital device, the input is not a con 

tinuous function of time, but a sample value of the input time function taken at some 

discrete moment and operated on according to the instructions programmed into the 
; controller. The signals are known intermittently, or at discrete moments usually assumed 
equally spaced in time’, and are not defined at all in the open intervals between successive 
sampling instants. The error (or input signal) is measured, a correction applied, and 
then the system waits a while before the error is again determined. This delay increases 
the stability problem, so that special techniques are required to analyze and synthesize 
sampled-data systems. 

Sampling techniques are used in radar equipment, data transmission links, 
machine tool controls, and digital control systems in general” “* *’. In some cases, 
one digital controller may be controlling several variables. Here, the input sampling 
systems may be scanned in sequence, and the controller time-shared between the vari- 
ables. Sampling techniques are also used where high power gain and low drift are 
required, as with sensitive measuring instruments. Large amounts of power can easily 
be controlled by sampling techniques, for example by using relays. 

Suppressed or nonsuppressed ac carrier servos are still other examples of sampled 
data systems. In all sampling systems, if the signal changes little in one period of the 
carrier wave, or in one sampling period, the equations reduce to those for an equiva 

lent continuous servomechanism. However, as the carrier or sampling frequency decreases 
relative to the signal band, this approximation becomes less valid, and more compre 
hensive analytical techniques must be used. 
Dr. Gimpel defines and illustrates new words, concepts, and devices peculiar to 
these systems, and discusses system properties and the more important methods of 
predicting system performance. Theory is turned into practice in the detailed treatment 
of a digital machine tool control system. One of the most useful portions of the article 
is the comprehensive bibliography correlated where possible with the body of the text. 





DONALD J. GIMPEL, Panellit, Inc 





Digital systems using sampled-data ' 
techniques offer a number of distinct lable I-Why Use Digital Systems and Sampling ‘Techniquc 


idvantages which offset the more difh- 


nit 


. . > Error sampling devices can be made extremely sensitive in terms of pé 
iit computation required to predict —— : 


gain, with small drift at the expense of bandwidth. Relatively low-power 
sampled-data system performance, e 7 7 fe 4 ” E fed I Rs eyo “agg 
. evel signals can be readily amplified by a chopper and an ac amplifier, « 
lable I. Since these systems do differ i I — 
vy a relay. 


onsiderably from conventional con 
tinuous control systems, it is best to 
define some of the new words, con- 
epts, and devices before proceeding 
with the techniques for analyzing and 
ynthesizing sampled-data systems. 


> Sampled data in the form of digital numbers or coded signals cat 
transmitted with comparatively good fidelity over relatively poor communi 
cation circuits. 
> Digital data can be readily stored, and subsequently reintroduc« 
the system without loss of fidelity. This allows elaborate command 
programs to be constructed and introduced with extremely high accuracy 
> New filter and compensation techniques based on coupling control sys 
p a tems with digital computers have been used with noteworthy result 
ills a sical . ’ = > Digital data can be operated on mathematically, without, to a large degre« 
concurrently introducing noise or errors. 
> Digital sensing devices, particularly rotary and linear position sensors, ar 


! ’, - available that have an accuracy and overall resolution difficult to acl 


with conventional analog techniques. 





1. A simple sampled-data system 
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NEW ELEMENTS pulse at time t = nT, and the produ 
(he Sampler. | ai: e(t)d(t nl’) has the value of e 
alin Mike siahnies OG aan it time nT, or e(nT¥, and is z 
mal (+ ' eee, 3 evervwhere else. | quation l can th 

i ais iia il FIG. 2. Impulse mod lat r sampler fore be written in the equivalent for 
le forware ith n ited by G 

nd.that of the f path H(s Figure +A. This distribution is re a! , , 

he f cs “7 Te oT) 

\ the Lapla tran n vari pe ited about zero, : Lo,, et F ‘ 

ible. On | npler” \lso note that if the upper cutoff fr , 

1m hown op quency of m input signal is ,, and l'aking the Laplace transform of Eq 
r d ' mal the sampled signal is passed through a tion 2 ewes the d siting, to 
j +r) ’ 

In its simy Foe 4 impling d low-pass filter with a cutoff frequency wedistet 

oe m tch ed momen of w,/2, the original signal would be 

t es ntervals of recovered if wo. = o,/2. If the cutoff 

Hime Also n as an impulse frequency of the original signal were E*(s x nT’) 

modulato h vitch conve each larger than w,/2, the spectral distribu | 
ngle frequency tion of the input tion from 0 to », would overlap, in 

nto a multiple frequen a Sa part, that from w, to w w. and the \ completely equivalent form of Eq 

mm er ey ee pe low pass filter would recover the orig- tion > 1s obtained by writing t 
al Mee: Rag Ce scgpeoer regia inal signal distorted the over l’ourier series expansion for a train 
nput frequen all” es dala lapped portion of the first sideband impulses, substituting at series 
f chands at +e.. « e This can be expressed differently Equation 1, and then transform 
| ’ } le } 
. dso on. Here oa, is the the highest input frequency 1S @., then both sides. ‘This g 

impling frequency and w, the modu the sampling frequency must be at 

lated signal frequency. ‘The amplitude least 2m. to make it possible to 1 ne | y Fe 0 of 

f each sideband frequency is identi over the undistorted input signal rT 2 

cal to that of the fundamental, while he relationship between the in 

the phase is symmetrical about 0, o,, put to the sampler, ¢ ind its out Equations 3 and 4 serve as th 

2 and so on. ‘These terms are de put, e (tf), 1s basis for all sampled-data theory, 1 

fined in Figures ind 3. Note that . nie , that beginning with these equation 

I’ is defined as the sampling period. SE “7 ; the properties of these systems can 1] 
Figure 4B shows the effect of the be derived. The last term of Equati 

sampler if the input signal has a It is assumed that e(t ) for t +, included to take care of disco 

pectral distribution as shown in In the above 8(t nl 1 unit im tinuities at t ften dropped 
PIG. 3. THE EFFECT OF SAMPLING A SINGLE FREQUENCY COMPONENT 
p 
od Tue o Ab-— B 
s = 
g : re 
e— 14, Tene . Time 
t T 
wy = 2re; T=1/77,, Wr = 27, 
pe, g cae 
2 \. The modulating signal 
2 B. The modulated signal 
a 4 4 C. The sampler output as a funct f 
iS : he ampl put as a 
< mw | w | wrwe, | uray | Frequency 
Wp~ Wj wpt wi; 2u, Inn Wy 
rIG. 4. THE EFFECT OF SAMPLING ON SPECTRAL DISTRIBUTION 
A+ A A/T B 
=| | =| 4 | | 
5 1 Pa r | | 
We Frequenc We WW, + 
& req y ® c Ure Wr Wirt We 2, Frequency 
A. The input signal spectrum B. The sampled signal spectrum 
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he Clamp Filter. A second device 
used in sampled-data systems is 
p circuit or equivalently, a “box 


filter The lamp generally fol 
the sampler, and holds a con 
ilue equivalent to the impulse 


for a fixed duration up to T sec 
5 shows the clamping action 
terms of Laplace transforms, th« 


fer function of a clamp is 


itten in terms of amplitude and 


versus frequency, Equation 5 


G (je 7 


function of the clamp is to 
t the train of 
function of 


impulses to an 


continuous time 


omplicates lamp circuits can 
ised by generating functions 
initial value the value of 
mpl d signal, but whose form 
the sampling interval is vari 
In other words, the clamp need 
hold the value of the sampled 
it a constant value Most of 
rature, however, assumes a con 


ilue clamp, issumed here 


SYSTEM ANALYSIS AND SYNTHESIS 


problems normally encountered 


synthesis and analysis of con 


nal continuous control systems 


their parallel in the 


ms, with the additional complica- 


sainpled-data 


f the sampler. As an example, 
ffect of the sampler of know 

f the inal n the system 

t discrete points in time, is that 

tput to a specified input can be 
nl t th time point 

h wev' in tince that 

uts calculating the output at in 

r 


e point 


\n important tool in the 
ntinuous systems is the | 


inalysis 
| 

1] 1A 
In most cases, the 
network can 
iio of two 


m theory 
fun 
resented by th 


tion for a 


nomials in s, that is, as an alge 
inction he effect of the 
ler is to produce an equivalent 
fer function involving the ratio 
polynomials in e*’, or a tran 


lental function, Equation 2. And 
lacing e*” by some other symbol, 
. £6 38 
ilgebraic 


igain possible to obtain 
relationship similar to 

his is the 
the z-transform theory proposed by 
ewicz* and expanded and unified 
Ragazzini and Zadeh®. Most of the 


tamiliar form essence 


perties of sampled-data systems have 


derived with the aid of this 


theory, and most of the techniques for 
inalvzing these systems come directh 
1c z-transform method. Using 


theor thy Inalysis 


from 


the 
of sampled-data systems closely paral 
lels that of continuous 

In the that 
ontinuous function of time is repre 
sented by r(t), c(t), ete 
function of 
tarring the 
by r (t cag 


} 





z-transform 


tems 


discussion 


time 1 epresentec 

continuous function, 1. 
: etc. Similarly, the La 
lace transform corresponding to r(t 


that correspondins 


is represented by R*(s), a tran 


I 
R 5), and 


I [ 
endental function. If z replaces « 
function of R(1/T In z 


R*(z corresponds to R’*(s 


Ris), then a 


hese relationships are summarized in 


lable II and 


correspond with th 


block diagram of Figure | 
\ summary of the important rela 
tionships in sampled-data tem 
siven below. For simplicity, most of 
t derivation f the orm ha 
1 omittec 
Periodicity 
Vhe ire two different but eq 
ent expression elating th it t 
1 sampler to its input. From Eq 
tions ind + th 


Ihe output of the sampler, I 
yeriodic function of s with perioc 
his can be seen by noting that 
the s in E(s Ne in be ] 
JINw without alterin the 
xpression. Figures 3 and 4 show th 
CT it If )] n Kq 


Transfer function 


One of the most convenient and 


useful concepts in the analysis of con 
tinuous systems is the transfer func 
tion relating the output of a filter te 
its input. For a continuou vstem 
th« omposite transfer function fo 
two noninteracting filters in tanden 
is simply the product of the two trans 
fer functions. The same general 
tionship can found fo impled 
data systems, complicated by th 





Impulse input 


Ciamped output 





aT he 
Continuous input 
Sampled and : 
clamped output 4 
aS ae Se 
jm Te 


eit) 
E(s) 
FIG. 6. R 
i 
1OW!1 hat | 
("* G* k* 
he transf f 
npled-d t 
: ») 
G* ( 
(; 
l r(, 
th t 
(; : (; 
l y 
(;* 7. * 
irat } 
y th 
\ +) } 
i 
|4 f th } 
] the % f 
D } 
- 
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lable I1—Summary of Symbols which in abbreviated, form be: 
G*(s) G,*(s)G 





Controlled : ; 
Command variable Error signal Error signal Filter Series expansion 
input output to sampler iufter sampler ‘ 
, a Equation 12 relates 
unction oO! time ¢ 


Laplace transfor Ris E E*(s ' transfer function to G(s 
z-transform R(z U (2 E*(z fer function for a continuous 
If w, is high relative to the pas 
G(jo), Equation 12 can be rep 
by the first terms of the s« 





\bbreviated ‘Table of Laplace and Z- Transforms 


(,;* 





Explanation 


[his expansion is part 
if G l}(o + now 
h ; 
an NV SO low \ l 
Complex translation band by some K _—— 
Na anoin 3. If w, is low relative to the¢ 
veal transiation 


rranslation by 7 then more terms must be 
complicating the calculation 
tion 16 can be approximated by a f 


Unit impulse 
Delayed impuls« 


it step terms of the series, then the start 
transform can be derived graphica 
by the addition of vectors. This is t 


Ramp 
basis for graphical solution 


Exponent Calculating the starred 


transfer function 


Another method for deriving t 
starred transfer function is to obtain 
function closed form for the summation 


Equation 12. This can be done 


zsin a7 
)-s 


"7 
Cos ail 


cos al many cases of interest, but becom 
7 Cosine function . 

22 cosaT’ 4 involved if G(s) is not simple. St 
nother technique for obtaining G 

\ train of impulses at is by direct calculation or by the use 

the sampling instants laboratory measurements based on the 

Damped sine wave relationship of Equation 8. The fir 
step is to compute the time respons¢ 
1 network to an impulse input. Giver 
the time response, say e(t), replace it 
by e(nT) where n = 0, 1, 2, Ne 

essed cusies waee substitute these values in 


za sin bt 


Jaz cos hT 





l‘inally, close the series 
iccomplished more readily 
Equation 16. 
This can be demonstrat 
simple example. Assum¢ 
K 


a 

















G(s) 


Ihe time response 
g(t) = Ke- 

Chen 

g(nT) = Ke-o*T 


Substituting this in Equation 17 
FIG. 7 \ digitally 
programmed drill tabk 


positioning system. NQ ™ or G*(s) = Ke72"Te-enT 
: n=0 


wu € 


at 


Ihe closed form for this summation 
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1umber of z-transforms derived in 


manner are given in ‘lable III] 


me response 


17 also provides a con 


for obtaining the tim«¢ 


means TO 


network to a specified 


mse ofa 
the network to 


k 
t. If the output of 
ven input is C*(z 
the expression yields a series in z” 


expand 


bo + biz) + nz 


b, can be identified with the 


iT’) of Equation 17, thus giving the 


network at t 


espons¢ of the 
rete point 


r. Ze. , or at disc 


effect of sampler location 


impler location has an important 
ng on the resultant overall system 
\ summary of the 


SOImn¢ 


ister function. 
transfe1 
ic feedback systems is 
le IV. 

of ‘Tables III and IV can be 
istrated by an example. Consider 
figuration + of Table IV with G(s 
Ka/(s + a) in tandem with a 
np, and let H(s 1. Now cal 
late the output corresponding to a 
» command. The transfer function 


lable IV is 


(*(z)R*(z 


1+ HG*(z 


11 
i functions fol 


i 


given in 


z-transtorm fol unit 
lable III number 8, 


l 
l 


stituting in Equation 24 gives 


Ka 


26 


1+Ka 


time function corresponding to 

['quation 26 can be obtained by two 

tterent methods. The first is to ex 

nd |} quation 26 into partial fraction 

tm and locate the respective inverse 

nstorms of the separate terms from 

le III. This proceeds as follows 
Ka 

Ka — ¢ / 

Ka e~@? 


Ka =< T)(] 


TABLE IV 
TRANSFORMS FOR BASIC SAMPLED-DATA SYSTEMS 


OUTPUT 





z-transform of 


Laplace transform of 
System output C(s) output C(z) 











G(s)R*(s) 








G*(s)R*(s) 


1 + H*(s)G*(s) 





H(s)RG 


l + HG 





G.(s)RG,*(s) 


1+ HG,G:*(s) 





This table is taken directly from Reference 25 


] 


This function might also b 
by expanding Equation 7 
infinite series 
Stability of sampled-data systems 
—_ | , A 
. im pic d-data 
by using the 


When 
inalyzed 
the transfer function « 
system, the usual technig 
mining stability still ap 
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AMPLITUDE @ PHASE VS. FREQUENCY FOR \ ARIOUS A VALUES 


CONTROL 


ENGINEERING 


quist plots, the amplitude and pha 


versus frequency represen 
can be used directh 

lo determine th 
given continuous system d 
the transfer function 1 
to output, the over ranster 
examined for its pole locations. If a 
of the poles lie in the mght-half 
plane, the system is said to be unstabl 
If any of the poles li 
ixis, the system is said to be marginal 
stable. If all the poles lie in the left 
half plane, the system is stable, th 
degree of this stability depending « 


| 
the relative closeness of the pol lo« 


on the imagina 


tions to the imaginary axis. ‘The effe 
of the substitution z ( is 
transform the left-half plane th 
interior of a unit circle. The criten 
for stability for a sampled-data syste 
is therefore that the poles of the ove 
ill z transform lie entirely within th 
unit circle. ‘The system will be mar 
ginally stable or unstable if any pol 
ire on or outside the unit circle 


SAMPLED-DATA CONTROL OF 
A MACHINE-TOOL TABLE 


fo see how sampled-data tecl 
niques work in a ty} 
take the development of a system tha 
vill program and control table motior 
so that a number of specified hole 
can be drilled in a workpiece. Thi 
is a discrete positioning system—only 
the hole locations, not the tool path 
between holes, are important. A 
sume the positioning resolution an 
linearity requirements in one dimen 
sion of motion to be 0.5 mils over 


vical application 


range of 25 in., or equivalently, 
resolution and linearity of 1:50,00 
over the full range. ‘The requirement 
m precision, plus the complex pr 
gramming necessary for drilling mul 
tiple holes, severely strain the limit 
of conventional analog technique 
Consider the digital system show 
in Figure 7. ‘The input can be fron 
1 deck of punched cards, a punche 
tape, or some other digital storas 
device. It is assumed that the pr 
grammer enters a digital number co1 
responding to a new hole position in 
mediately after the last hole has bee 
located, giving an input which is, i1 
effect, a series of step command 
ivailable on a continuous basis fron 
the buffer register Che primar 
position feedback could be from 
shaft-position to digital sensor con 
nected at a convenient point in th 
gear train, or could consist of one « 
many linear position-measuring d 
vices attached to the machine tabk 
For purposes of this problem, assum 
that a digital number correspondin 
to table position is continuously avail 
ible, with one count correspondin 
to 0.5 mils. In addition, assume tha 
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Don Gimpel has been on top of most of the major developments in 
inalog and digital computation since 1950, when he left Cal Tech with an 
MS in electrical engineering to work in the Aerial Measurements Labora 
tory of Northwestern University. The MS degree followed a BS in EI 
from Illinois Tech in 1949 and preceded a PhD from Northwestern in 
1953. At the Aerial Measurements Lab, and at Armour Research Founda- 
tion, where he served as an engineer until last year, Gimpel undertook 
large-scale simulation studies, servomechanism analyses, and the design ot 
computer components. He is now at Panellit, Inc., in charge of electronics 
research and development. 
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Fischer & Porter has the answer...it’s READABILITY 


ooK at the actual size illustration above. 


Notice how horizontal chart travel assures 


quick, easy readability. Side writing pens mean 
accurate reading of chart record. The entire 
instrument may be withdrawn from case, mak- 
ing visible a 14 hour chart section, without 


interrupting operation of the recorder or controller 


in any way. There are no other instruments 
like these using full four inch charts. 

F&P Ratographic Recorders may be quickly 
interchanged from the front of the panel. Serv- 
icing is simple. Automatic seal-off. Consider 
the continuous chart rewind with handy daily 
tear-off. Consider the removable pens, fed from 
an adequate ink supply reservoir. Yes, con- 
sider all the F&P Ratographic advantages and 


you'll buy no others. 

These instruments mount readily on conven- 
tional or graphic panels. Specify any of many 
options and F&P has the answer. A single F&P 
Ratographic Recorder in use will convince you 
of their versatility, high accuracy and depend 
ability. That’s a firm assurance. Write today 
for complete information or specific quotations 
Fischer & Porter Co., 727 County Line 
Road, Hatboro, Penna, 


Illustrated Literature on Request mia a2 eta miglt 
Catalog 55-20 is a complete, detailed = 
report on the multiple applications, 
the many options available in F&P 
Ratographic instruments. Write for 
it today. No obligation, of course. 





FISCHER & PORTER CO. 


COMPLETE PROCESS tNSTRUMENTATION 


Hatboro, Pa. 
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‘H) MICRO SWITCH Precisio 





.-- FIRST IN PRECISION SWITCHING 







HOW MICRO SWITCH 


ENGINEERING SERVICE 
can keep a small switch from becoming 


a BIG PROBLEM 


in your design 





MICRO SWITCH Engineering Service 
is a two-way street. Field engi- 
neers and factory engineers work 
together to make sure you get the 
right MICRO SWITCH precision switch 
for your application. 





the right switches for your applica- 
tion and will give reliable, 
dependable, day-in, day-out service. 
















You can take advantage of this 
teamwork by calling MICRO SWITCH 
today. Switching specialists —with 
close contact at the world’s largest 
headquarters for precision switches 
—are available at branch offices in 
key cities. 


This teamwork between experi- 
enced switching specialists assures 
that the precision switches you in- 
corporate in your equipment are 
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CONTROLS i —. 






PRECISE, | | 
3, | FOR PRECISE 






















MANY i 3 ‘2 UNERRING 

CIRCUITS ) } ACTUATION 2 PERFORMANCE 
WITH ONE | SG | THROUGH § | UNDER MOST 
MANUAL Se “il.—"* MILLIONS | EXTREME 
MOTION ‘ OF OPERATIONS + CONDITIONS 


This three-position, rotary-type 
toggle switch offers all the advan- 
tages of a toggle switch mechan- 
ism with longer operating life and 
better detent ‘‘feel.’’ Shown is a 
four-pole double-throw switch with 
12 terminals. It is maintained in 
all three actuation positions, on- 
off-on. This switch can handle a 
high electrical load and has passed 
severe tests for impact, shock, ac- 
celeration and vibration. 

(Send for Data Sheet 112) 
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Adjustable lever actuator permits 
close adjustment of switch operat- 
ing point without removal from 
mounting. It provides unusually 
reliable service on such equipment 
as timers, computers or other mul- 
tiple-mounted devices which re- 
quire precise, unerring operation 
through millions of operations. 
Available with normally open, nor- 
mally closed double-throw or split- 
contact circuitry. 

(Send for Data Sheet 100) 
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MICRO SWITCH ‘‘EN’’ switches 
are capable of reliable, long-life per- 
formance under extreme environ- 
mental conditions. They are com- 
pletely sealed, cylindrical and can 
be mounted wherever a through 
hole can be provided. Variations o! 
the “EN” are capable of actuation 
by almost any means. Available in 
choice of four different contact ar 
rangements. Equal in performanc¢ 
to many switches twice the size. 














Switches put “THINK” 
into this press transfer feed 


Here is a typical example of how a manufacturer improved his product. 
With MICRO SWITCH Precision Switches designed into the press, blanks 
are loaded and fed automatically, dangerous manual feeding is elimi- 
nated, mistakes are ‘‘erased’’ without interrupting production. This 


product improvement was due in no small measure to the help of 
MICRO SWITCH application engineers. 
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Plunger which picks up the blanks is con- b 
trolled by switches shown. Upper switch 


stops the press if the blanks do not reach 
level of gripping fingers. Switch at left 
brings new stack of blanks into position. 
If stack doesn’t come into position, the 
third switch stops press. 





SWITCH “REMEMBERS” CIRCUIT 
WHICH WAS LAST ACTUATED 


This is the first of a new series of ‘‘electrical mem- 
ory”’ toggle switches. The switch indicates through 
a pilot light or buzzer which circuit was last actu- 
ated. The assembly uses one pole of its four-pole 
circuitry to indicate which circuit was last operated. 
Use of this switch simplifies basic circuit designs of 





4 


For more information for your de- 
sign engineers, write for Catalog 83. 


When a stack of blanks is nearly depleted, 
the descending elevator trips this switch 
which starts a motor and turns the six- 
station turret to the next full station for 


blanks. 
3 | 









“| 


When two blanks stick together and feed 
into the press they trip this switch which 
actuates a solenoid and opens a trap door 
in the press bed. The blanks fall through, 
the press goes on uninterrupted. 











radar units, computers, aircraft control panels and 

other similar devices. Seal prevents entrance of liquids and dust. 
Basic switches are Underwriters’ Listed at 5 amperes 125, 250 volts 
a-c, d-c rating at 28 volts-3 amperes at sea level, 2.5 amperes at 50,000 
feet (inductive); 4 amperes at sea level and 50,000 feet (resistive); 
maximum inrush, 15 amperes. 


MICRO SWITCH, a Division of Honeywell, 


pioneered the manufacture and 









development of precision 


snap-action switches. 


tn Canada, Leaside, Toronto 








THIS 

‘ SWITCH 

- OPERATES 

RELIABLY AT TEMPERATURES 
FROM —SO° TO +1000° F 


Use of laboratory-tested, heat-resist- 
ant materials makes this switch an ex- 
tremely dependable component for use 
in applications where high tempera- 
tures are present. It will operate sat- 
isfactorily in a temperature range of 

50° to 1000°F .. Contact arrangements 
are single-pole double-throw. Switch 
is available in panel-mount design 
(shown) or with pin- or roller-plunger 
actuators. 


(Send for Catalog 77) 
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A TWO-CIRCUIT + 
SWITCH 2 
WITH h— '4 

ACCURATE REPEATABILITY 


—4 


This switch uses a snap-action spring 
to provide quick make and break of 
both contacts in each double-break 
circuit. It is Underwriters’ Listed for 10 
amperes 125 or 250 volts a-c; % H.P. 


125 volts a-c; 10 amperes 30 volts d-c. 


(Send for Catalog 62) 





TWO SWITCHES OPERATED 
BY A SINGLE LEVER ACTUATOR 


This is an assembly of two single-pole 
double-throw switches. It provides for 
switching of two isolated circuits at the 
same time. The basic units are listed 
by Underwriters’ Laboratories at 15 
amperes 125, 250 or 460 volts a-c; % 
ampere 125 volts d-c; and 4 ampere 
250 volts d-c. 


(Send for Data Sheet 100) 
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For closer temperature control in crystal growing... 


Sudle 
Trade-Mark 


SAPPHIRE 


Light Pipes 
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A typical crystal-growing installation is shown here. The 
sapphire light pipe is focused on the base of the crucible, 
and projects below the table surface. (See detail at right.) 


















Volume production of germanium and silicon crystals high mechanical strength, resists corrosion and abra- 
used in transistors and diodes has spurred important sion, and retains its properties at high temperatures. 
developments in temperature measurement and con- These and other attractive properties make sapphire 
trol. In one new temperature measuring device a rod of ideal for other optical systems that require resistance 
LINDE synthetic sapphire is used as a light pipe. It has to abrasion and corrosion as well as good transmission 
a refractive index of 1.77, furnishes reliable measure- properties. It is also used for critical instrument parts 
ments at temperatures as high as 1850 degrees C., and that must resist extreme wear. 
allows temperature to be controlled to great accuracy. LINDE synthetic sapphire is available in the form of 
LINDE synthetic sapphire—a single crystal of alumi- — windows, rods, tubes, balls, and special shapes. If you 
num oxide—transmits a high percentage of radiation would like more information on this product, please 










in important ultra-violet and infra-red regions. It has —_ write, giving details of the proposed applications. 





LINDE AIR PRODUCTS COMPANY 





A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street ucC New York 17, New York 
In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 


The term “‘Linde”’ is a registered trade-mark of Union Carbide and Carbon Corporation. 
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Testing Hardness 


Production line work demands a hardness tester that will ; 
cally classify work-pieces as hard, soft, or satisfactory 


IDEAS AT WORK 


Automatically 


1utoOmMat 
‘he sequen 


tial nature of the manual operations, and the availability of dia 
indicator reading, led to development of a relatively simple sequentia 


test procedure, with intervening timers properly timing the 
and photoelectric reading of the dial indicator doing the 


EUGENE RAVE 
Wilson Mechanical Instrument Div., 
American Chain & Cable Co., Inc. 


An understanding of how the auto 
hardness tester works requires 
iowledge of Rockwell hardness 
ind how they are obtained us 
manually operated equipment. 
is no absolute measure of hard 
mly relative hardness values 
hese values are derived by measuring 
he amount that a probe penetrates 
the material under test when sub 
jected to a specified load. ‘To makc 
sure that there is a well-defined point 
from which to start measuring the 
yenetration of the test load, a minor 
oad is applied first to indent the test 
piece. ‘This is the zero point. Then 
the test or major load is applied and 
released. The relative hardness is pro 
portional to the change in penetration 
under the minor load, before and afte1 
the major load is applied. 

n a manually operated machine, 
the test piece is inserted and the an 
vil raised until the full minor load is 
ipplied. Then the precision dial in 
dicator is adjusted to zero and th« 
major load applied. ‘The dial-indicato1 
reading with the major load removed 
but with the minor load still applied 

1 measure of the relative hardness 
f the test piece. For example, fot 

Rockwell C scale, a sphero-conical 
diamond penetrator is used with a 
ninor load of 10 kg and a major load 
{150 kg. The increment of penetra 

n for each point of hardness is 
minus 0.00008 in. 


+ 


Che automatic machine 


lhe control system divides naturalls 
nto two parts: the sequential and 


timing equipment required to operat 
the tester automatically, and the gage 
reading equipment for automati 
classification of tested parts. If dk 
sired, the machine can be run auto 
matically and the gage read by th 
operator. 
Since the 
complex, no 


tem circuit diagram 1 
focal will be made 

All operations can 
be clearly understood by referring to 
the simple schematic of Figure | 
Energizing the anvil motor and cd 
energizing the magnetic brakes start 
the cycle. As soon as the anvil rises 
far enough to touch the penetrator 
and the minor-load spring starts to 
compress, the minor-load switch closes 
starting the zero-set timer (period 
When this timer times out, 
the motor is deenergized and its brakes 
are energized The zero-set timer is 
included so that variations in the 
coast of the motor and anvil mechan- 
ism once the brake is applied can be 
compensated for by changing the time 
the motor runs while applying the 
minor load At this point in the 
cycle, the minor load is applied and 
the dial indicator is at zero. The cycle 
can continue without interruption, or 
can be delayed by 0-0.5 sec, which will 
hold the zero momentarily so_ that 
the zero-set timer can be accurately 
adjusted. 

When the zcro-set or zero-read 
timer times out depending on 
whether the latter is used) the major 
load solenoid is energized, causing tl 
major load to be applied at a rate « 
termined by the dashpot setting. Th 
major-load limit switch is actuate 
when the load is fully applied, and 
the major-load moto1 
load. The major-load-off 
ictuated from 


cover it in detail. 


0-0.5 sec). 


} 
removes th 
switch (cam 
major-load — motor 


operation 
classifvins 
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read dial 


Mognetic 
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When you need 
ati) el (-mOtelaha ne) 


roy am \'/Keh’A-lanl-Jane 





Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 

yOu need Time delay characteristics are fixed and non- 


adjustable. 


Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 

= send If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1181 N. Michigan, Elkhart, Indiana. 


relays NOLES The Ada ms & Westlake Company 


NEW yorK ELKHART, INDIANA CHICAGO 


ANNIV A original and largest manufacturers of plunger-type relay 
Pi , I y! 
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maneuvering room, furth« 

necessary. Of course, the 

test down-travel is used consistent 

th ease of loading and unloading the 

1ine, since this reduces cycle time 

When the down-drive timer times out, 

epeat timer (period 0-12 sec) is 

ted. At the end of this interval 
vcle repeats. 

(he overtravel limit switch at the 
ottom of Figure 1 takes care of 
testing a piece that is so soft that the 
gage makes an extra turn and _ stops 
t the same reading as it would for 
ard piece. Indicating lights notify 
the operator of this condition. 

Figure 2 shows portions of th 

ntrol equipment for this system 


\ typical timing circuit 


Since all the timers are similar ex 


co. 


~~ Doshpot- 


_ Overtrave/ 
yom switch 


FIG. 2. The control equipment on the machine 


cept for different circuit parameters for 


various timing periods, they can 

represented by Figure 3. ‘This is th 

circuit for the zero-set timer. The incl 
variable time delay is obtained bi vi \ft 
idjusting the phase shift between the vcles, the 

grid and plate voltages of a thvratron is sufficient 
he curves show that changing the the unit tim 

phase shift by changing the setting phase shift 

of the time-adjustment potentiometer pou nd in 

causes the thvratron to fire at differ ( . required to buil icitol 
ent times in the cycle. ‘The smallei voltage sufficienth Tt ce re 
the phase shift, the greater the averag: to pull in. Decreasing the phase shift 
voltage across the tube. During th ias the opposite effect. The timing 
time the tube is firing, the capacito veriod starts when the 

in parallel with the relay coil charg completed | losing 
to a value dependent on the firing tart switch. On the hard: 
point. During the off portion of the this timer-sta 
cvcle, some of the capacitor’s charg¢ or limit swit 
drains off through the high-resistanc: 
relay coil (de so that it does not r 
spond to ac peak voltages), but th Figure 4 


t 


la 


late 


rt 


Automatic classification 
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Critical grid voltage 
(firing potential) 


\ tvpical timing circuit and 
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SOLVED AT LOWER COST- 


with greater reliability—by this new 
General Electric High Current Silicon Rectifier 


Packing greater rectifying capac- 
ity into less space—with maximum 
reliability and efficiency—is becom- 
ing standard practice with General 
Electric Silicon Rectifiers. And the 
cost of these G-E High Current 
Silicon Rectifiers, with their un- 
matched performance, is now actu- 
ally less than that of comparable 
rectifying devices. 
REQUIRE MINIMUM SPACE 

The Silicon Rectifier pictured here 
in full size has ratings up to 85 
amps... yet measures less than 15% 
inches in diameter. It operates, or 
can be stored, safely at tempera- 
tures from 200° to —65° centigrade 
and checks out above 99% in effi- 
ciency. Maximum peak inverse 
voltage is 300. Silicon rectifiers of 
higher ratings are on the way. 

Produced by the alloy technique 
developed in General Electric 
laboratories, these high-capacity 
rectifiers show no deterioration in 
rectifier characteristics during 


POWER DISSIPATION & MAXIMUM ALLOWABLE STUD TEMPERATURE 
AS A FUNCTION OF FORWARD CURRENT 
4JA60 RECTIFIER 





5 
a 
: 
70+ 
5 ay 
$ 38 
g 60 38 
5 bz 
se * 4 
£3 33 
e 40 + 8s 
zs 
H 30 z 
Fd 3 
x 
< 
= 























114 


CONTROL ENGINEERING 























40 50 60 70 80 90 106° 


AVERAGE FORWARD CURRENT 
MPERES 


Progress /s Our Most Important Product 


extended life tests at full rated 
condition. The silicon element is 
hermetically sealed in a steel hous 
ing for protection against mois- 
ture, fumes, dust, vibration, and 
corrosion. Effective cooling 
assured by the tapered thread 
“plumbing type” stud that screws 
tight into heat sink or cooling fi 
WORK ANYWHERE... ON ANY APPLICATION 
General Electric Silicon Rectifiers 
are installed in any position or | 
cation, and work in any rectifier 
operation. They are now serving i! 
many applications such as ari 
furnaces, welding, and protection 
against cathodic erosion. 

They are available now in differ- 
ent voltage ranges, and meet rigid 
military specifications. For de- 
tailed information, consult your 
local General Electric representa- 
tive, or write to General Electric 
Company,Semiconductor Products 
Section S1627, Electronics Parl 
New York. 


Syracuse, 


TYPICAL APPLICATION GENERAL ELECTRIC 
HIGH CURRENT SILICON RECTIFIER 


CIRCUIT 





Three Phase Bridge Rect 
fier, Resistive Load. 


DC OUTPUT 280 Volts, 215 amperes, 60 
kilowatts. 

RECTIFIER Approximately one perce! 

LOSSES » kilowatt). 

COOLING One 64-inch square, 

REQUIRED thick copper fin for each « 


six rectifying units whe 
used with 2000 fpm 30 
forced air. Free convectio 
cooling may be utilized | 
increasing the fin area. 





VOLUME Total volume of rectifier 
and fins—less than 4 of 


cubic foot. 







GENERAL @@ ELECTRIC 

















dial indi 


FIG. 4. The 


FIG. 5. 
The gage 
classification 
circuit 


the classification photodiodes, and th 
gage movement during a cycle. The 
positions of photodiodes 1, 2, and 3 
indicate hardness classification zones 
"he diodes are energized by the sta 
tionary light source reflecting first 
nto a stationary 45-deg mirror at the 
hub of the indicator, and then onto a 
+5-deg mirror on the dial needle. 
Figure 5 shows a simplified version 
f the gage system. At the beginning 
f the cycle, the reset relay is pulsed 
to clear the last cycle conditions by 
breaking the plate circuit to all the 


Relay 8, actuated by 
major -load- off switch 
Relay A, actuated by 


Reset-relay 4 4 
major-load-on switch 


contoct 


thvratrons. After the cycle of Figu 
4, movement of the reflected light 
past the photodiodes h n 
effect until the 
closes. Then on the 
trip past the photodiodes (major load 


source 
major-load-on switch 


] 


next ¢ KW 


} 


released), nothing happen 
diode |] relay B | not been 
energized. At diode 

and V, fire, but only 
again because of relay B 
the normally CR 
the diode 3 is passed 
major-load-off sw 


being 


becaus¢ rIZINE 


enereg 
lenoid ind 
If the Page 
then 
y ind the 
relay B too s id and the 


t ye llow 


open ontact 


and 


closes when the lamp 


1957 


115 


FEBRUARY 








need quick service 


on TIMERS 
« » for automatic 
control ? 


| 


Time Delay Timers 


The more automatic control problems we get, the better we like 








it. For while it's true each automatic control job is a bit different from the 
rest, the record shows that our 19 years of timer experience has given us 
the special knowledge it takes to give you the right answers, and in near- 
record time. 


If one of our standard timers won't do your job — or one of the 721 com- 
binations we have thus far developed from our 17 basic units — our engineers 
will go right to work to develop a new combination that's the one for you. 
That's the way we grow — and we like it. 

We manufacture a complete line of timers in these 4 broad classifications: 

TIME DELAY TIMERS - INTERVAL TIMERS 
RE-CYCLING TIMERS * RUNNING TIME METERS 


And since we maintain large stocks of our 17 basic units, we can assure 





you of rapid deliveries — of excellent deliveries even on special orders. So 
whatever your automatic control problem, you have everything to gain by 
submitting it to our timer specialists. They'll give you a profitable answer — 
almost with the speed of automatic control itself. 


Interval Timers 


pul 


| 7 


%4 yours cyours 
% 
S, 


», 


Running Time Meters 


Thee: ths Cae (4) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 131 OGDEN STREET, NEWARK 4, N. J. 
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IDEAS AT WORK 


Batch Process Sequenced by Rates of Change 


Petroleum refining processes are usually continuous; however, there ar 
still many cyclic operations essential to the industry in which the material 
in process must be handled batchwise. The processing time is not always 
sufhciently repeatable, however, for timer control. In such cases, rates 
of change of certain process variables can sometimes be used to indicate 
the state of the reaction and sequence the process 


H. B. BREEDLOVE 
Esso Standard Oil Co. 


the propane dewaxing plant at 
's Baton Rouge refinery separate 
from lube oil stocks. In this proc 
propane is blended with lube oil 
he mixture is chilled batchwise by 
Hashing the propane, and the wax and 
ire separated by continuous rotary 
filters. The operation is sequenced 
utomatically by the rates of chang: 
f temperatures and pressures 
Careful control of the chilling cvck 
s important in maintaining maximum 
filtering capacity. Since the sequence 
ontroller was placed in operation 
uniformity of the operation has im 
proved and throughput increased 


Controlled system 


[he process equipment for th 
hilling operation is shown in Figure 

It consists of a warm solution tank, 
wo chillers, and a filter feed tank 
Feed stock is mixed with propane in 
the warm solution tank and fed alte: 
nately to one of the two chilling 


+ 


fr 


lhe chilling is done by filling 
i drum to the desired level, flashing 
the propane by venting to the gas 
COMPTCssors, ind maintaining the cic 
sired solution composition by adding 
cold propane. When the solution ha: 
reached the desired temperature, the 
chiller is pressured with propane ga 
ind the cold solution forced into the 
filter feed tank. The two chillers ar 
alternately filled, chilled, discharged, 
warmed up, and refilled in a step-wis¢ 
manner. 

(he controller initiates each of the 
steps as the controlling process van 
ibles reach predetermined values. The 
sequence chart, Figure 2, shows the 
ten steps in one operating cycle. In 
sequence Step 1, chilling is started in 
the No. 1 drum. The rate of chilling 
is controlled by a rate of temperature 
hange controller which throttles the 
propane gas to the compressors. A 
conventional cam in this portion of the 
rate of change controller continuoush 
repositions the control point at a pre 
determined rate. The chilling of No 
1 drum continues through sequence 


drums. 


St \ 


hiller start ring e com 


pl tion of the disc rg step is ind 
ated DV a raj in pressure 

the filter feed tank When the rat 
pressure 1 1 this vessel reache 
1 preset vah letected by a specia 


+ + wr 
ite-oI-pr 
I 


inge recorder, Fig. 3, 
to Step 


discharge valve closes 


the sequence controller moves 
2, where th 
for about 20 sec to allow the waxy 
stock remaining in the No chiller 
to flow to the discharge line. After 2( 
the mtroller moves to Step 


ind the discharge valve opens agai 


until the rate-of-pressure-rise instru 
ment steps the sequence control to 
During this step, the No 
is warmed by introducing hot 
propane gas. When the chiller reache 
preset temperature, the sequence 
ontrol moves to Step No. 5, and re 
charging starts. When the chiller 
charged to the preset level, the charg 
ilve closes. When the No. 1 chiller 
to the preset tempera 
ture, the control moves t 
Step ( whicl the 


has bec n 


counterpart of 


FIG. | 
ne chiller to the other, according t it 
f change in temperatures and pressure 


Batch-type process sequences from 





— 











Feed (solution 
of lube and 
propane) 
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BUAER’S NEW AVIONICS DIVISION MEETS 
ELECTRONIC WEAPONS NEEDS OF NAVY AIR ARM 


Brand new in the Navy Bureau of 
nautics, the Avionics Division is responsib}, 


for all aspects of research and development 
of electronic fire control and weapons 
launching equipment for Navy aircraft and 
guided missiles. This Division deals dail, 
with problems undreamed of as recently as 
World War II. To ensure that our Navy ai; 
arm will continue to be the most effectiy, 
and ultra-modern in the world, it plans in 
terms of 10, 15, or 25 years hence. Its 
personnel must think in terms of Mach | 
speeds or altitudes of 20 or more miles 


This vital R & D mission, which was fo: 
merly accomplished by the joint efforts of 
Armament and Electronics Divisions, has 
been merged in the Avionics Division t 
include a wide variety of electronic fun 
tions. Among these are ground station 
telemetering and instrumentation; guidanc 
systems; warheads; fusing and launching of 
guided missiles; fighter attack systems; aii 
borne early warning systems, and many 
others. 





To coordinate the many programs under 
its jurisdiction, the Division has established 
a “Project Manager’ system of organization 
This system provides maximum streamlined 
operation and facilitates industry contacts 
as well. The personnel of the Avionics 
Division thus are enabled to develop with 
maximum facility the incredible electronic 
equipment needed by today’s and tomor- 
rows aircraft and missiles. With their spe- 
cial knowledge and far seeing outlook, the 
will make certain that the new higher speeds 
altitudes and ranges of aircraft are utilized 
to full effectiveness. 


4FJ-3 Fury goes aloft from one of the after catapults of the 
U.S.S. Forrestal. An F2H-3 Banshee is in the foreground 
Electronics developed by BuAer’s Avionics Division pro 
vides planes such as these with their highly effective 
weapons and control systems. 


ee 






LS 


~ 


This is one of a series of ads on the technical 
activities of the Department of Defense. 


@ FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York o 
Beverly Hills, Cal. . Dayton, Ohio Engineer at Ford Instrument Company opening salt spra 
chamber in which equipment for BuAer is being subjected 
to environmental test 

















ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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RATE OF PRESSURE QHANCE 


Sequence chart for propane dewaxing process FIG. 3. Outer arm_ records pressure 
ange, initiates ste n if sequence 


Step 1. The half-cycle is repeated on justable switch index 1 t to tl trol at the end of Steps 1, 3, 6, and 8 

ypposite chillers, i.e., No. 2 chiller is minimum temperature desired for \ hermetically sealed six-level, ten 

hilled and the No. 1 chiller made each batch, and the warm-up index position, _ telephone-type tepping 

dy for the next cycle. By the use is set to the maximum temperatur witch contt the entire sequence 
sequence control system, thi desired prior to recharging. ‘The rat All other equipment is standard 

of each batch is controlled of-pressure-change recorder ha No difficult n luring initial 

s the preceding batch pens (Figure 3), the pen nearest th peratior ireful check-out of all 

f the two rate-of-chilling center recording the filter feed tank nponent ore startup and an ex 

perature controllers is a conven pressure, and the pen near the rim of tensi\ ral ogram for operators 

nal cam-type temperature control the chart recording the rate-of-p1 nd nance people during instal 

fitted, however, with a_ special sure change in the filter feed tan} lation wel redited for this. ‘The 

versible cam drive to permit the [his second pen mechanism cl rv ict r the control equip 
to reset automatically. An ad switch which steps the sequence cot nt has be bout 98 percent 


Differential Measurement Makes RF Fields Useful 


All materi vhether conducting 

r dielectri use a change in any ac 

WALTER H. BUCHSBAUM, Central Electronics Co. electric field in which they are placed 
Because an electromagnetic field is 

ae: vs associated with the electric field 

Because electric fields are changed by the insertion of any new te ate ee at itn om , ‘b. 
- ¢ l ounded Iie CTIng I CTlalS ) 

matter, whether conducting or dielectric, detectors and gages tb energy to supply eddy current 
hat tl weaker on 


can be built that are based on these changes. Gages can be | le ieee tee tin ceed 


lesigned and calibrated to indicate the size, shape, or thick arc round — ma 
tel becon Lield nd shunt the 


ness of the material inserted, or to differentiate between mate Feld cecil: Sm, Mined 
tion velocity of 


rials. The key to such applications is differential measurement = 
With i¢ Tha 


of the rf field. This article describes a detection application terial. an delay or phast 
. } ] 
which protects a machine operator by stopping machine motion diel 
if he accidentally places his hand in a danger zone. 
nsmitter gen 


the presence 
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From MOOG... Advanced Electro-Hydraulic 


Servo Components 





Moog is the industry’s leading producer of problems has resulted in the introduction of 
electro-hydraulic servo valves. This leadership Moog Dual Input and Servo Actuator units. 
has been achieved by advanced valve design These recent achievements in the creation of 
resulting in high performance, high quality, reli- advanced custom designed electro-hydraulic 
ability and efficient manufacture. The same servo components are evidence of Moog’s con- 
creative approach applied to industry’s newer tinuing progress. 


SERVO VALVE DUAL INPUT SERVO VALVE SERVO ACTUATOR UNIT 


@ These proportional ‘dry @ This new component ® Custom designed integrated 
motor” electro-hydraulic servo provides for positioning assemblies include actuating 
valves feature high dynamic of aircraft control surfaces cylinder, electro-hydraulic 
response, sensitivity, linearity by summing mechanical servo valve and 
and reliability. Light-weight and electrical inputs with- feedback sens- 
and compact, they are also out external use of me- ing device. In 
available in custom designed chanical linkages. Use of a closed loop, 
versions for special or ad- an entirely new concept actuator dis- 
vanced applications. offers improved perform- placement is a 

ance, system  simplifica- function of in- 

tion and saving of space put signal. 

and weight. 








| 
T 
| 


TO THE ENGINEER IN A “HURRY” 


Axiomatically, to get somewhere in a hurry, you get aboard 
something that moves pretty fast. 

If your “somewhere” is a career in engineering, consider Moog. 
From three founders to five hundred employees within five years, 
we are today the industry’s leading manufacturer of advanced 
electro-hydraulic servo components. Our engineers made this 
possible by continuous pioneering of the new and successful 
developments in the field. As our rapid expansion continues, we 
have many openings at all levels for qualified personnel. 

Best time to get aboard is now. 


MOOG VALVE CO., INC. prRoNeR AIRPORT, EAST AURORA, NEW YORK 


Research Laboratory, Paramus, New Jersey 
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intenna, but not at the 


moving 


ducting material by a reduced 
This reduction in output can 
relay to sound an alarm, start 
» some action, ctc. 
has not been used very much be 
its sensitivity is limited by rather 
iriations in the rf field due to 
Litter oscillator instability, tube 
changes in the humidity, baro 
pressure, 01 temperature of 
ir forming the major part of the 
transmittin: 


This tech 


tric between the 
ina and the receiving antenna 

field variations due to trans 
variations im 


instabilities and 
ermittivitv of the air can be elimi 
| by measuring the field near the 
smitting antenna as well as at the 
ving antenna. If the field 
is due to any of the causes above, 
th points in the field must change 
multaneously, so that a differential 
nplifier, once balanced in the field, 
remain balanced. On the othe 
ind, a change in the field caused b 


VaTla 


rtion of some conducting materia! 
the field at the 
transmitting 


ll reduce receiving 
itenna, thus unbalancing the differ 
itial amplifier. 
Che differential measurement tech 
ie can be illustrated by a simple 
detection system which 
otects the operator of a hazardous 
from accidentally injuring 
his system holds the distinc. 


ill-electrom 


tron 


nachine 
nself 


n of being the first 
erator-safety device ever approve 
the Board of Standards & Appeal 
New York State 
Satety devices for 
rators O 


protecting the 
hazardous machines have 
n invariably mechanical—physical 
arriers that keep the hands out of 
parts of the machine (anc 
often obscure vision), or two-han« 


ises which equire both hands on 


ie controls. These protect the 0) 
they usualh 


down hi 


rator, but unfortunately 
under his work and slow 
oduction. Thus, operators on piece 
vork often consider them a nuisanc¢ 
circum 


ind photo 


id find ways to remove or 
nt them. Light 
Ils are less of a 

tical onh 
defined by 


be Wns 
nuisance, but arc 
where the danger area 
straight 


beams are 


lines and 


sufh- 


in be 
here rather 
ient 

Ihe electronic 
equency field to envelop the danger 
me. The field is defined by the 
ransmitting and antennas, 
vhich are enclose the 
tuarded area, as in Figure 1, and can 
isily be bent around corners. ‘The 
igure also shows that the pickup loop 
that monitors the field is so located 
car the transmitting antenna that the 
held between the two is not affected 


during normal operation of the ma 


narrow 


guard uses a radi 


receiving 
shaped to 


chine 


ctroml Lula! 


Note that monitor 


igure 2 show ich 

stallation on a small punch press usec 
for eveletting belts and straps fo 
pocketbooks, brief cases, ete In thi 


ipplication the evelet irc fed b 


hand since production runs are rather 


short and require a large variet 


evelets, snaps, 

mings to be inserted on the machin« 
Since this _ particul 

works by measuring thi 

field at the re 

ibsorption n 

the plastic mater 

luses no change 

( perator’s hands do 

dicates the major details « 

ised. Note that th 

n the fiel 

tenna but outside th rded ar 
The svstem 

peration bv fir 


monito 


d near the transmitting 


tennas and th 
frequen 
nstallation 2 
output 

t th 
otentiometer (about 


With 


transmitter 
signal 


FOC ye 


machine nothing 


perates on change in differentia 


intenna n 


the same volta 
following parallel stages, or zero differ- 
ential acro th ontrol relay 


idjusting 


ind other met trim 


pheric cha iriation 


utput 





FIG. 2 


antennas as in Figure | 


Air-operated press 1s 


onitor and 


fie t I uarded ica 


uarded area, th ceiver and monito! 
ire adjusted to 
it the plates of the 


tenhlomet give 


Sensi 
vitv of the tron set by 
potentiometers to 


guard is 


hott 


ther 


Svstem operation 


itmo 
in the 
oscillator 
monito! 


mitter 
ffect th 
ed signal, 

the first 
ratio, and 

1 the plates 
it zero 
hand inte 
ther hand 
( ng an 
monitor 


tem and 


naterial 
ric field 
nce thi 
changes 
due te 
differential 

yr thi ip 

nator pro 

nent the phase 

iitting and moni 

¢ ed as the 

th available phase 

hould be possible 

kness of dielectric 

ibout 0.] 


+] ] 
in 11¢ I l 117 


humidi 


material percent 
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Royal Precision LGP-30 Electronic Computer 


COMPACT... 
MOBILE... 
LOW IN COST... 


helps 


Time-Saving. The LGP-30, a stored program computer, 
eliminates much detailed calculation and makes more 
time available for creative engineering. 


Personalized. The LGP-30 brings high-speed electronic 
computation directly to the desk of the individual engi- 
neer. Most problems can be programmed completely 
right in his own office and followed through to the end — 
with modifications made from intermediate results as 
required. 


Complements central computing installation. The 
LGP-30 can serve as a “satellite” to a central computing 
installation for those problems which are performed 
more effectively on a decentralized basis. New program- 
ming techniques permit the use of one code for both 
machines. Thus, programs may be prepared in the cen- 
tral computing facility directly from engineers’ equa- 
tions, and the computations done on the LGP-30. 
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increase productivity of valuable engineers 


——— Outstanding features of LGP-30 —— 


® Operates from regular wall outlet (110 volts AC). 
® Requires no expensive installation . 
air-conditioning. 


. .no external 


© Stored program computer. 

® Unusually large ‘“memory’’— 4096 words. 

© Enters and reports numerical or alphabetical informa- 
tion by punched paper tape or keyboard. 

® High-speed operation. . . finger-tip control. 

© Lowest cost ever for a ‘‘complete”’ computer. 

@ Excellent service facilities available. 

®@ Now being delivered. 








For further information, write Royal McBee Corporat 
Data Processing Equipment Division, Port Chester, N. 


ROYAL MCBEE 


CO RPOR AT IO SD 


GENERAL OFFICES: PORT CHESTER, N 





Extend Range and Retain Accuracy 


With Vernier ‘Technique 


JOHN P. O'CE INNOR 


Naval Research Laboratory 


magnetic-disc timer for 
computers uses a second 
is a vernier on the first to 
ire times from 10 millisec 
sec toa 2-millisec accuracy 


nar, target range is determined 
tly measuring the time re 
for sound to propagate from a 
litter to a target and back. Be 
this interval may be as long a 
15,000-yd range) and a new 
not transmitted until the last 
turned as an echo, fire control 
ters are used that continuousl 
te the intermediate position 
moving target. ‘The sonar data 
then used to correct the com 
One way to correct the com 
is to produce a simulated “echo”’ 
it the computed range, as meas 
from the transmitted pulse, and 
the time error between this puls¢ 
the real echo as the correction 
[he vernier timer produces 
echo”. 
(he timer is a magnetic recording 
that writes a pulse on one side 
thin spring steel disc and reads 
ter with a second head on the 
posite side. The principle of opera 
n can be understood from Figure 
he write head is fixed and the 
head is positioned relative to it 
the computer, according to th¢ 
mputed range. The disc is driven 
mstant speed so that, by writing 
pulse when the transmitter is 


PULSE IN 


keyed, a simulated echo will be 
luced by the read head after a t 
dependent on the angular displ 
ment of the two head 

Since the shortest 
that must be measured 
is about 10 millisec, 
disc speed must b« 


ire to have l 

eparation fot 

the other hand, the t i 
mentioned before, is about 2 

Chis requires that the timer 


l rang 


rate over a 2.000-t 
Vernier disc system 


Chis problem of 1 
in extreme range Ww 
1 vernier disc and 
ircuit, as shown 

. 
second CiIS¢ 1S 
the speed ot th 
head is positioned 


} al 
the angi« f the 


t 


in be 


thi vstem only when 


mulated “‘echo 


both read heads 

For each revolution 
speed disc, the low speed 
behind 1/100 of a revolution 
read heads are positioned simi 
the “high-speed” read head mal 
100 revolutions for 99 revolutions « 
the “low speed” head Thus, th 
maximum time interval between 
incident pulses is the time requ 
for 100 revolutions of the high 
disc. If the high-speed dis: 

is in the model) at 5 4 
mum time interval is 


Anothe 
ulse 
th l 
vhen the | 
ther. This 
lav that cle 
ir¢ pulsed ind 

t of the 


trom 


Vernier system operation 


/.CrO computed range 


AT KEY 7 
ERASE—>G ON 


WRITE 
HEAD i 


f \ 2 


o\- MAGNETIZED AREA 


} 
/ 


y, 


a 


A PULSE OUT 
AT ECHO 


FIG. 1. Single-disc magnetic timer vernier time! 
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* ADVERTISEMENT’ 


THIRD OF A SERIES 


Why reliability 


CNnemMecrie 


is not enough 


There’s more to reliability than meets the eye 

...athousand inspectors cannot put reliability 
into an item that is inherently weak in 

engineering or production design ... highest 
reliability in a component is obtained only 

when the manufacturer is aware of the problems 

in obtaining reliability ... plus providing a proper 
climate in which employees are motivated 
by pride in product to surpass specifications. 


Ce ee 
———— seca mh el 
————— eG co. 
ER CTURIN 
& OWN MANU! 
(yous own mee 


[ 
+S 
veerly ° = 
‘SS sae, ate = Specification = 
iccisiiiet aeneie 


| 
\ 


| oa3 
| 
rh 
\ 


| route CARO 434 





ORGANIZATION CHART (Partial) 
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In our humble opinion, the build 
reliability into a product requires an 
awareness of the many, many facets . 
problem. We'd like to submit these , 


“Integrity of intent” on the part of the manufacture; 
to meet the problems . .. coupled with provision o| 
a proper climate for the carrying out of reliab lit, 
objectives 

Financial ability to take the necessary steps 

Modern manufacturing equipment and methods 
Plant capacity and flexibility 

Design and engineering know-how that recognizes 
end-use requirements and environmental conditions 
Careful employee selection and training 
Long-range master planning 

In-plant industrial and production engineering 
Research, testing, development laboratory activities, 
including complete testing of prototype to end-use 
requirements 

Continuous reliability assurance testing during the 
manufacturing operation, and institution of required 
corrective action 

Collection, in the field, of failure data, analysis, and 
corrective action 


All of these facets in depth 


Important as all of these are, the most importa: 
the provision of proper climate, in the form of spirit 
and attitude of all personnel in pride of product 
carry out reliability objectives. In preceding articles 
in this series we’ve touched on some of the more tec! 
nical aspects of reliability engineering. The manufa 
turer must naturally have an awareness of the problen 
the integrity of intent to turn out the best product 
can for a particular market or application, the finan: 
ability to establish a Reliability program, the manag: 
ment ability to install it, the necessary manufacturi: 
equipment and engineering organization to carry 
out. But all of these are not enough, if they ar 
instituted in a climate where an attitude will pr 
that makes such things effective. 

The manufacturer’s integrity must necessarily 
carried out, also, in the design, in manufacturing 
in finally warranting the product created ... but, a 
with every man and woman in the organization t1 
to meet or exceed the standards that have been create: 
This latter aspect we call “pride of product” on th 
part of the people who are producing it. And such pridt 
must exist not only for the final product but for « 
part of that product, and in each step in the proces 
There is also an added dividend to reliability; the re} 
tation of the product will cause the user to hand: 
with the same pride and care as was put into 
manufacture. 

It is interesting that people who are proud « 
product, and enjoy what they are doing, can kee} 
closer tolerances on the parts they work with 
produce than those who are merely working for the 
pay. An assembler, who’s proud of the product turned 
out, sees questionable components and avoids put! 
them into the assembly, while a disinterested pei 
leaves them for “inspection” to catch. It is interest 
in this connection, too, that some of the finest w 


gt 





iade in Switzerland are produced in little shops 

modern quality control techniques are unheard 
produced by a craftsman whose major technique 
in his work ... and thereby builds everything 

exacting tolerances required. 

R CONTROL LIMIT UPPER CONTROL LIMIT 



































LOWER CONTROL LIMIT LOWER CONTROL LIMIT 
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Qua yntrol graph .. . without Quality control graph .. . with 
pride in product. pride in product. 

[he atmosphere here at Cannon, since our inception 
1915, has included a design and manufacturing phil- 
sophy embracing the highest quality and reliability 
each Cannon Plug for the specific application for 
ch it is to be used. To these principles all Cannon 
sare built! Even on connectors designed to customer 
MIL-spec we constantly strive to give even more... 


nerease the safety factor . . . to give that “something 


xtra” according to our own high “Cannon Standards’, 
s exemplified in our Cannon Credo. 





THE CANNON “CREDO” 


TO DEVELOP an organization of exceptional 
people possessed of respect for the dignity 
of the individual and imbued with the spirit 
of the team. 

TO PROVIDE a facility with which we can 
produce to our utmost in an efficient and 
pleasant environment. 

TO DEVELOP and produce products of such 
quality, and render such service, that we may 
always be proud of our efforts. 

TO MARKET the product of our endeavor at 
a reasonable profit for continuing growth, 
reward for effort and a return on investment. 


TO ACCEPT our responsibility to our com- 
munity, our country, and our fellow man. 


The Cannon “‘Credo”’ is posted through all departments of all 
Cannon plants . Copy available to you on request 








On the more technical side . . . we at Cannon have 
tempted not only to provide the proper climate for a 
omplete reliability program from the viewpoint of men- 
tal attitude, but to provide the necessary facilities in 
which that attitude may work effectively. One of the most 
mportant of such fields is that of engineering organiza- 
tion and proper utilization of specialized engineering per- 
sonnel, As a purchaser of Cannon Plugs, with a personal 
stake in their reliability, you will be interested to know 
that our engineering divisions are grouped as follows: 

Master Planning Group. . . men who look to the future 

. investigating the newest in technological improve- 
ments, providing interplant project coordination for 
maximum flexibility to meet the challenges of our 
ever-changing future. 


Industrial Engineering Group. . . experts who call out 
the materials, methods, and processes to be used in 


the manufacturing cycle ... experts who collect, 
analyze, and institute corrective action in accordance 
with field failure data. 


Sales Engineers . . . fully qualified technical men who 
contact our customers. 


Design Engineers .. . spec ialists in past and present 
design methods who analyze failure data caused by 
design inadequacies and initiate corrective action. 


Development Engineering and Model Shop Group. . . 
specializing in the development of prototypes. In these 
Laboratories, your prototype is tested to see that all 
specifications are met... physical, operating, environ- 
mental. Test reports are made up ind presented to 
you for review and approval. Not until all these steps 
have been taken is your order placed in production. 


Product Engineers . . . specialists in particular types 
of connectors, 


lified to administer 
the high requirements of “Cannon Standards” 


staffed by well trained inspectors and analysts equippe d 


Quality Control Group... well qua 


with the most modern equipment 
Quality Engineering Group ... handling the tech: cal 
aspects of sampling plans ... preparing inspection and 
test procedures to realize the customer's desired quality 
level and the over-all quality level of the entire Cannon 
manufacturing operation. Materials are processed 
through receiving inspection. Process work and final 
inspection barriers are set up. In addition to standard 
Military and Cannon manuals of iality control pro- 
cedures, specific jobs ... such as yours ... may require 
additional special inspection or testing. If so, these 
requirements are established throughout the process, 
and where necessary. coordinated with you. Our failure 
data collection and analysis in this field has given us 
intimate knowledge of the critical points at which such 
control should be used. Recognized statistical control 
procedures are used both in process and at the inspec- 
tion points, 
Materials and Processes Laboratory Group ... working 
in both the research and production phases. This 
the group that checks performance of new designs 
constantly investigates new materials and processes 
and (over and above normal manufacturing supervision 
and quality control operation ) runs continuous re- 
liability and assurance tests on the manufacturing cycle. 
x *K 
Each of our 20.000 Standard Cannon Plugs are of 
highest quality and were designed to meet exacting re- 
liability requirements. We also produce special designs 
to meet the most exceptional AQL end-use requirements. 
If you have a problem requiring high-reliability Cannon 
Plugs, we would appreciate the opportunity working with 
you. 


Cordially, 


\ 
“4 \ Ce President 
, 


Cannon Evectric COMPANY 
3208 Humboldt Street, Los Angeles 31, California 


2, @ GALLON PUES 


Dept. 422 


Eight plants around the seven seas! 
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NOW! A 


PORTABLE, 


PRECISION DIGITAL 


VOLTMETER 


THE NEW 


This newest E-! instrument provides the perfect 
general-purpose voitmeter for both laboratory and 
field use. 


Operation is completely foolproof; no manual adjust- 
ments or calibrations are required. Measurements are 
made automatically and results presented digitally 
with easy-to-read, 1”-high numerals, arranged in line. 


UNUSUALLY EASY TO SERVICE 


The one-piece hood houses three distinct. sub-assem- 
blies: amplifier, power and reference supplies; balance 
circuit; and read-out. Each sub-assembly is pivoted 
for excellent accessibility to all parts. 


The complete line of digital instruments 


CONTROL ENGINEERING 





MARK IW 


A new electronic amplifier design (reducing the 
number of tubes to only eight!) and advanced min- 
iaturization techniques have reduced the overall size 
of the new Mark IV to only 744”x9"x 11”, and cut th 
weight to 28 pounds. 

Ask your local E-I representative to give you th 
complete story, or write direct for our new brochure 


SPECIFICATIONS 


Display: four digits, polarity, decimal point. 
Range: 0.001 -999.9 volts dc. 

Ranging: automatic. 

Polarity: automatic. 

Accuracy: 0.05%, +1 digit 

Input impedance: 11 megohms. 

Average balance time: 1 second. 
Calibration: self-calibrated. 

Stability: 0.003% /C°. 


f4reEctTRo 
INSTRUMENTS 


INC. 


3794 Rosecrans Street, San Diego, California 





MESSAGE TO AMERICAN 


Financial Aid 


to Higher Education 


INDUSTRY 


One OF A SPECIAL SERIES 


A Fine Start, But... 


This editorial has two purposes. The first 
is to salute American business for the fine 
start it has made in helping to relieve the 
financial plight of our colleges and univer- 
sities. The second purpose is to stress the 
importance of having business provide 


more financial aid, and soon. 


How Business Helps 
Higher Education 


Business contributions to higher educa- 
1950 and 1955. 


[hey jumped from $40 million to $80 million. 


tion doubled between 


Preliminary figures indicate they will be even 
higher this vear. 

Business firms have also shown a lot of in- 
genuity in devising different ways of making 
their contributions. The methods range from a 
matching of an employee’s contribution to his 
particular alma mater to wide diffusion of the 
money through state and regional money-raising 
issociations of colleges and universities. Thanks 
to this ingenuity, business firms now have a wide 
choice of ways by which to give effective aid. 
lhe way most appreciated by college adminis- 
trators is the making of gifts unrestricted as'to 


the purpose for which the money is used. 


Imposing as it is, however. what busi- 
ness has done thus far is only a good start. 
Only a tiny fraction of the total number of busi- 
ness firms in the country are giving direct finan- 
cial help to our colleges and universities; and 
this fraction includes fewer than half of the hun- 
dred largest corporations in the country. Also, 
the amount of financial help being provided by 
business constitutes only a very small fraction 


of what is needed. 


Why Colleges Need More Aid 


Right now our privately endowed col- 
leges and universities need about $350 
million more in operating income a year 
than they are receiving to enable them to 
pay decent faculty salaries and be in toler- 
ably good working order otherwise. The 
reasons, including a severe decline in the pur- 
chasing power ol thei endowment mMcome he- 
cause of price inflation, have been dealt with in 
the previous editorials in this series. 

In addition, these institutions, together with 
the tax-supported schools, are faced with a tre- 
mendous increase in enrollment over the years 
ahead. With both a rapidly increasing popula- 


tion of young people and an increasing propor- 
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tion of them going to college, this year's enroll- 


r 


ment of 3.2 million students is expee ted to reach 


1.0 million by 1960, and to be doubled by 1970. 

For the next ten years our privately supported 
colleges and universities must have an average 
of about $400 million a year above what they 
can be expet ted to collect trom tuition tees, 1n- 
come from endowment tunds, ete. 

This hgure ol $400 million does not include 
what is needed for new buildings and equip- 
ment. It also does not include help for tax-sup- 
ported schools above what they get from taxes, 
fees, etc. Business has given and will continue 
to give these schools substantial aid. Indeed, al- 
most 25°, of the financial help from business 
for out colleges and universities went to tax- 
supported schools in 1955. 

If aid from business met their needs for in- 
creased operating income, the privately sup- 
ported colleges and universities would be given 
a decisive lift in performing successfully their 
part in our system of higher education. They 
would still have large needs of capital equip- 
ment — buildings, dormitories, laboratories 
but help from other sources, such as that pro- 
vided by devoted alumni, where they are well 
organized, could be expected to go far toward 
meeting these needs. Also some companies pre- 


fer to concentrate on meeting needs of this type. 


What 1% of Profits Would Do 


But do business firms have the capacity 
to fill the gap in adequate operating in- 
come for our privately endowed colleges 
and universities without putting an ex- 
cessive financial burden on themselves? 
Those who have studied this capacity care- 
fully say that the answer clearly is yes. If, 
of its profits before taxes — last year an 
estimated $43 billion — business were to 


devote 1% to helping our privately en- 
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dowed colleges, it would take care o 
present operating needs of about $35¢ 
million a vear. And the balance of $80 


million would be a big step in meeting 


their needs for new buildings and equip- 


ment, too. 

(About one half of a 1%, contribution of thi 
sort would, in eflect, be made by the federal goy 
ernment. Up to a limit of 5°,, contributions « 
this type are exempt from the federal corporat 
income tax. For corporations with incomes 
above $25,000 per year this tax is 52%. 

It is clear that not all business firms are 
shape to devote 1°, of their profits to aid 
higher education. Even in this year of record 
breaking prosperity, many of them will have no 
profits at all. But if business generally would 
take 1. of pre-tax profits as a target or bench- 
mark for financial help to our privately et 
dowed colleges and universities these institu- 
tions would again have sturdy finaneia 
foundations. 

Relatively this is a very small price to pay 
(1) to insure a continuing supply of competent! 
trained young men and women and (2) to but 
tress our freedom by assuring the successfu 
survival of the privately supported sector of ou 


system of higher education. 





This is one of a series of editorials pre pared hy 
the McGraw-Hill Department of Economics to 
help increase public knowledge and under 
standing of important nationwide developments 
of particular concern to the business and pro 
fesstonal community served by our industrial 
and technical publications. 

Permission ts freely extended to neu spapers, 
groups or individuals to quote or reprint all o1 


parts of the text. 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 








ARBITRARY UNITS 


OUTPUT — 





EXPANDED CURVE OF 
TYPICAL 2° BETWEEN 
+85° SHOWING INFINITE 
RESOLUTION AND an 
ESSENTIALLY ZERO SLOPE 
CHANGE 


TRANSF 
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ARBITRARY UNITS 


ACTUAL VALUES DEPEND ON 
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OUTPUT — 
(IN-PHASE COM 
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OF 
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. 6) + 50 
ROTATION - MINUTES 


0 
ANGULAR ROTATION 


Inductive pot gives accurate 
noiseless output with infinite resolution 


Weapons systems ... analog computers... pro- Although Transicoil manufact 


tioning circuits — wherever the limitations tating components like this in 
ft linear resistance potentiometers cannot be will benefit most by letting Tr: 
tolerated, this precision pot is the answer. supply your complete serv 


The Transicoil Type 11-L Linear Inductive under no obligation 
Potenti ‘ter provides extreme angular ac- on a fixed fee basis, for 
iracy for applications requiring high gain perating properly, 


amplification, low friction linear output with TYPE 11-L INDUCTIVE POTENTIOMETER CHARACTERISTICS 
infinite resolution. Hairspring connectors give 
ourpur | ,., PHASE SHIFT 
VOLTS aa NPUT TO 


ow torque, yet completely eliminate slider and PST ee 
(MIN “s OUTPUT MAX 


AMPS WATTS 
ontact noise. When operated into the proper 
1/, ¢ 0.1 ¥ 


4. ‘ 
; . . ve 0.33 v/° 
hrough an angular rotation of +85°. Output 


ad resistor, output is linear to within 


; ; he 0.1 v/ 
voltage is proportional to shaft displacement 


from null. 














If you are faced with a synchro or servo prob- 
em, be sure to get in touch with Transicoil. 


om: TRANSICOIL CORPORATION 


Rs Worcester *« Montgomery County * Pennsylvania 
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Systems 
Career: 


a 


laboratory 


As a Field Engineer at Hughes, through 
training and assignment you will become 
familiar with the entire systems involved, 
including the most advanced electronic 
computers. With this knowledge you 
will be ideally situated to broaden your 
experience and learning for future appli- 
cation in either the military or commer- 
cial field 

The national respect which Hughes 
commands in the field of advanced elec- 
tronics is in no small part due to the 
technical support provided by the Field 
Engineers. Other contributors to the suc- 


CONTROL ENGINEERING 


for 


learning 


ail ONE iting and re warding 


career awaits the E.E. or Physics 


graduate who joins this high! 


neering team 


cess of the Field Service and Support 
Division are the Technical Manuals 
Engineer, Training School Engineers, 
Technical Liaison Engineers, and Field 
Modification Engineers. 

Chis Hughes activity is a highly trained 
organization ot expert engineers, giving 
support to the armed services and air- 
frame manufacturers using the company’s 
equipment. Locations are in Southern 
California, continental U.S., overseas. 
We invite you to join this team. For 
further information write us at the 
address below. 


HUGHE 


sae 
1 
\ 
l 
! 





Some extra advantages for 


Field Engineers include: 


Training at full salary 


onths before assignm 


MM pensa LO! 
complete travel and movin 
issignments away from ( 


( 


Ideal living conditions in the 


surpassed climate of South 


California. 


> 


Reimbursement for after 
courses at UCLA, USC 


local universities 


Employee group und health 

urance paid by company, ret 
, 

ment plan, sick leave, and 


vacations 


Scie ntific Staff Re lati ns 


RESEARCH AND DEVELOPMENT LABORATORIES 


HUGHES AIRCRAFT COMPANY 


Culver City, California 





The 
Greatest 
Names 

in 

British 
Electronics 
use 


Mullard 


Tubes 


Fritish equipment manufacturers are making a vital contribution 
to the development of electronics in all fields of application. 

Their products are being exported to every corner of the world, 
earning a universal reputation for advanced techniques and excellent performance. 

The majority of these electronic equipment manufacturers con- 
sistently use Mullard tubes. This choice is decided upon because they prefer the 
greater assurance of efficiency and dependability, and because the vast manu- 
facturing resources of the Mullard organisation guarantee ready availability of 
Mullard tubes wherever they are needed. 

Supplies of Mullard tubes for replacement in British equipments 
are available from the companies mentioned below :— 


In the U.S.A. In Canada 


International Electronics Rogers Majestic Electronics 
Corporation, Limited, 

Department CZ, Department CB, 

81, Spring Street, N.Y. 12. 11-9 Brentcliffe Road, 

New York, U.S.A. Toronto 17, Ontario, Canada 


Mullard 


Electronic Tubes — used throughout the world 





MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND 


Mullard is the Trade Mark of 
Mullard Ltd. and is registered in most of the principal countries of the world faa 


MEV 4: 
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Creatwe Engineers: 


Work where imaginative 


engineering becomes intelligent 


hardware...in quantity! 


It takes a special kind of scientific 
imagination and engineering freedom 
to develop and design intricate auto- 
matic systems for inertial guidance. 
flight control, armament control and 
data processing. At AUTONETICS. your 
opportunity to be creative in these 
fields is practically unlimited—because 
vou know your ideas can be brought 
to life on the production line. 


LABORATORY PERFECTION 
COMES TO THE ASSEMBLY LINE 
To build just one of these electro- 
mechanical brains or muscles is a tech- 
nological triumph. But today—with 
facilities and standards of precision 
that rival those of an operating room 
\UTONETICS is delivering these 
advanced and reliable systems at a 
quantity-production pace. 


TOOLS AND TECHNIQUES TO 
IMPLEMENT YOUR IDEAS 
\UTONETICS’ precision machine shops 
are capable of millionths of an inch 
precision in either developmental or 
volume quantities. Electronics capabil- 
ity includes micro-miniaturized com- 
ponents, complete computers and 


transistorized circuits. AUTONETICS 
new. modern facilities include an Auto- 
navigation Building which provides 
the precisely controlled environment 
for large-scale development and manu- 
facture of advanced inertial guidance 
systems. Extensive production and 
development test equipment includes 
automatic electronic check-out systems 
and the latest environmental equip- 
ment...as unique as the electro- 
mechanical controls they evaluate. 


ARE THESE THINGS 

IMPORTANT TO YOU ? 

Do you need the engineering freedom 

that this kind of production capability 

creates? Youcan have it at AUTONETICS 
-one of the few companies in the 
world that can design and quantity- 

produce complete automatic control 

systems for both military and industry. 


LET US KNOW what kind of creative 
engineering interests you (please 
include highlights of your education 
and experience). 

Write today to: Mr. W. D. Benning. 
Engineering Personnel, Dept. 991-CO* 
\uToNeTiIcs, Box AN. Bellflower. Calif. 


THREE AUTONETICS ENGINEERS ON THEIR WAY UP 
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NOW IN MASS PRODUCTION AT SPRING CITY, PA. 


HILCO- 
/ransistor 


re 
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For the first time, the dr m of the electronic industry comes true 
... made possible by miny years of Philco pioneering, research 
and production of semi conductors. Philco’s great new transistor 
plant at Spring City, Pa. is designed for and dedicated to the mass 


production of reliable transistors. 


< Lift the Page and read this important news! 
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imagination and engineering freedom 
to develop and design intricate auto- 
matic systems for inertial guidance. 
flight control, armament control and 
data processing. At AUTONETICS, your 
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\UTONETICS’ precision machine shops 
are capable of millionths of an inch 
precision in either developmental or 
volume quantities. Electronics capabil- 
ity includes micro-miniaturized com- 
ponents, complete computers and 
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new. modern facilities include an Auto- 
navigation Building which provides 
the precisely controlled environment 
for large-scale development and manu- 
facture of advanced inertial guidance 
systems. Extensive production and 
development test equipment includes 
automatic electronic check-out systems 
and the latest environmental equip- 
ment...as unique as the electro- 
mechanical controls they evaluate. 


ARE THESE THINGS 

IMPORTANT TO YOU ? 

Do you need the engineering freedom 

that this kind of production capability 

creates? Youcan have it at AUTONETICS 
one of the few companies in the 

world that can design and quantity- 

produce complete automatic control 

systems for both military and industry. 


LET US KNOW what kind of creative 
engineering interests you (please 
include highlights of your education 
and experience). 

Write today to: Mr. W. D. Benning. 
Engineering Personnel, Dept. 991- CO” 
\UTONETICS. Box AN. Bellflower. Calif. 
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An exclusive machine, designed by Philco engineers New Philco automatic ‘‘Carousel’’ assembles and processes This 


exclusive Philco Automatic Tras 
Ir's a Surface Barrier Transistor Lead Attacher which 


alloy junction type transistors. It prepares stems by localized nine operations in the manufactur 
feeds, cuts, plates, precisely positions and automati- plating, solders stems to transistors, solders leads to transistors 
cally solders the whisker wire to the transistor emitter emitters and collectors, and follows with electrolytic 
and collector. 


Following each stey 
and finally—hot nitrogen drying 
clean-up etching, dip rinsing and ultra sonic rinsing to automatically monitored and 
remove contaminants 
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own below is a portion of the Life Test Section where 

| types of Philco transistors are tested under a variety 

storage and operational conditions. Individual test 
positions are provided for over 10,000 units 


The new Spring City Transistor Plant is unmatched for Unsealed power transistors in large 
advanced testing methods. Below is a Philco designed high oven (shown below at left) for t 
speed Automatic Test Facility for testing seven parameters caps go into vacuum oven (shows 
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This exclusive Philco Automatic Transfer Machine performs 
nine Operations in the manufacture of surface barrier 
transistors. Following each step is a rinsing operation, 
and finally—hot nitrogen drying. Critical operations are 
automatically monitored and recorded for quality control 
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ew Spring City Transistor Plant is unmatched for 
“ed testing methods. Below is a Philco designed high 
Automatic Test Facility for testing seven parameters 
yer transistors 








Unsealed power transistors in large batches go into vacuum 
oven (shown below at left) for baking, while simultaneously 
caps go into vacuum oven (shown at right). After baking 
cycle the transistors roll on carriers into dry box for cold 
weld sealing 














WITH THIS GREAT NEW AUTOMATED PLANT 


PHILCO 


revolutionizes production methods and 
sets new quality standards in the transistor field 


It’s the greatest development in transistor history. A complete 
plant housing the most advanced transistor manufacturing 
equipment and utilizing entirely new production methods, 1s 
ow in mass production at Spring City Pa. We call it Philco 
Transistor Center, U.S.A and, that s exactly what it 1 From 
his plant come the world’s finest transistors inmatched in 


' } bs aba thte 
quality and reliability 


100,000 square feet of area devoted exclusively 
to semi conductor production. This plant ts 
equipped with centralized supplies of de 
ionized water, vacuum, disassociated 


ammonia, hydrogen, nitrogen and 


> C- high purity compr >ssed air, 
‘ee’ | | 
pilus compiete air Condi 
+ Les ee | | 
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tioning with dust and 
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DETAILS ON 


See Back Page PHILCO TRANSISTORS 


FOR RELIABLE PERFORMANCE, 
STABILITY OF OPERATION AND LONG LIFE 


... base your designs on 


PHILCO /ransistors 


Proven performance of Philco Hermetically Sealed Transistors has made 
them the basis for design in commercial and military applications where 
reliability is the major consideration. Philco transistors range from the 
world’s smallest germanium transistors now in production to silicon 
transistors with excellent performance at temperatures from —60°C to 
+150°C. The following are some of the available Philco transistor types: 





ACTUAL SIZE 


ACTUAL SIZE 





Low Level 
Transistors 
2N207, 2N207A and 
2N207B—Germani- 
um PNP Alloy 
Junction Transistor 

world’s smallest 
transistor in pro- 
duction. Useful in 
any low level audio 
application such as 
hearing aids where 
size is an impor- 
tant consideration 











High 
Frequency 
Transistors 


SurfaceBarrier Types 
2N128 and 2N129 
—Surface Barrier 
Transistors for criti- 
cal military appli- 
cations, produced 
to meet MIL-T- 
12679A (SigC) mil- 
itary requirements 





ACTUAL SIZE 


ACTUAL SIZE 





Medium Power 
Transistors 
2N223, 2N224, 
2N225, 2N226, 
2N227 — Germani- 
um PNP Alloy 


Junction Transistor 


for portable radio 
Output stages, me- 
dium power switch- 
ing, servo-amplifiers 
and other applica- 
tions where medi- 
um power must be 
handled at low 
frequencies 





High Speed 
Switching 
Transistors 


2N240 — Germani- 
um Surface Barrier 
High Speed switch- 
ing transistor with 
response timeinthe 
low millimicrosec- 
ond range. Made 
the basis for design 
of both military 
and commercial 
computers where 
speed and reliabil- 
ity are essential. 





ACTUAL SIZE 


Power 

Transistors 
T1040, T1041 
Germanium PN} 
Alloy Junc 
Power Transistor 
with low thermal 
drop designed for 
audio Output stages 
power switching 
servo-amplifier out 
put stagesand other 
applications where 
high power 
be handled 








Silicon 
Transistors 


T1025, T1159 
PNP High Spee 
Silicon Transistor 
for computers 
amplifiers ope 
ing at high ambic 
temperatur¢ 
These transist 
feature low satu 
tion voltage 





All Philco transistors are hermetically sealed to insure long life. In addition to the above types, Philc 


produces a wide range of transistors designed for special applications in accordance with customer requif« 
ments. The Philco Micro Alloy Transistor is already in pilot production and tentative specifications and 
design quantities are available. New and exciting transistor types, such as the Philco Micro-Alloy 


Diffused Base Transistor, are now in development. In keeping with our policy, specifications will be 


made available as soon as these units reach pilot production and are available in design quantities 


Make Philco your prime source for complete transistor application information . . . 
write to Lansdale Tube Company, Dept. I-2, Lansdale, Penna. 


Regional offices—Merchandise Mart Plaza, Chicago 54, Il1.—10589 Santa Monica Blvd., Los Angeles 25, Ca 


PHILCO CORPORATION 


LANSDALE TUBE COMPANY DIVISION 


LANSDALE, PENNSYLVANIA 
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Flux pattern of experimental magnetic circuits 


How location of magnets 
affects magnetic circuits 


Adapted from an article by Charles A. Maynard, 


vice president, Research and Engineering, 


The Indiana Steel Products Company 


The LOCATION of permanent magnets in 
1 magnetic circuit is a definite factor in de- 
gn. To determine the extent to which this is 

true, involved calculations are necessary. 

A comparatively simple experiment, how- 
ever, which shows the nature of the changes 
that take place when permanent magnets are 
placed in different positions in a magnetic 
ircuil, was devised by Mr. Maynard. The 
material on which the following questions 
and answers are based was taken from a re- 
port, ‘An Experiment in Magnet Location,” 
published in Vol. 3, No. 5, of Applied Mag- 
netics. A copy of this issue is available on 
request to The Indiana Steel Products Co., 


Dept. P-2. Valparaiso, Ind. 


Question: What effect does the location 
of permanent magnets have on a magne- 
tie circuit? 


Answer: It has a marked influence on the 
flux density in the various portions of the 
magnetic circuit. 


Question: Is there a preferred location 
for magnets? 


Answer: Yes, it is important to place the 
magnets as close to the air gap as possible. 


Question: What is the benefit of their 
location? 


Answer: The leakage fiux is reduced, and 
the useful flux in the air gap is increased. 


Question: How is this an important fac- 
tor in design? 


Answer: It minimizes the amount of mag- 
net material required to produce a given 
flux in the air gap. 


Question: Does this mean lower magnet 
costs? 


Answer: Generally, this is true. However, 
structural considerations may prevent the 
placement of permanent magnets at pre- 
ferred positions 


Question: Are there available quantita- 
tive data which indicate the degree to 
which magnet position influences the effi- 
ciency of a circuit? 


Answer: A brief experiment was con- 
ducted on the nature and magnitude of 
the changes that occur when magnets are 
placed in various positions in a simple 
magnetic circuit. The results are discussed 


in Applied Magnetics, Vol. 3, No. 5. 





World’s largest permanent magnet 
separates electron particles 


The largest and most powerful permanent 
magnet ever designed is an important part 
of a new Mass Spectrometer to be used 
for high molecular weight hydrocarbon 


Indiana's C. A. Maynard inspects air gap of 
giant Alnico V magnet assembly 


analysis at the Whiting, Indiana, research 
and development laboratories of a large 
Midwestern oil company. Function of the 
spectrometer is to establish a strong mag- 
netic field that separates electron particles. 

The Alnico V permanent magnet used in 
the assembly has a maximum field strength 
of 6,000 gauss . . . equal to 10 tons of 
magnetic holding force . . . and weighs 
1,300 pounds. The complete assembly, 
which weighs approximately 4,700 pounds, 
was designed and fabricated by The 
Indiana Steel 
Valparaiso, Indiana. 


Products Company, 





OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


THE WORLD’S LARGEST MANUFACTURER 


INDIANA 
PERMANENT 
MAGNETS 


In Canada... The indiana Steel Products Company of Canada, Limited, Kitchener, Ontario 
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Needle Valves 


Rugged, outstanding performers GET THE BES 0 


for proportional control of 
small flows. Interchangeable 
seat rings and plugs. For 
water, gas, steam, chemicals. Trim 
and body materials available for 
“difficult” fluids. Shown here with 
unique reversible Stabilflo Motor. 


Saunders Type Valves 


A complete line, particularly suited 
to handling of highly corrosive 
fluids, or fluids containing solids in 

suspension. Available with 
Stabilflo Motor as shown, or with 
Stabiload Cylinder and 
Power Positioner. 


Butterfly Valves 


Light and heavy duty types, 
with angle or swing-through 
seating, in spool or wafer 
body style, for low pressure air, 
gases in combustion control, 
steam, high pressure gases and 
liquids, etc. Available with 
Stabilflo Motor (shown ) or 
cylinder operator. 


Gate Valves 


Guillotine-type slide valves, specially 
designed to handle pulp fibre, 
slurries, and similar fluids. Available with 
Stabiload Cylinder and Power 
Positioner as illustrated, for throttling 
service, or with 4-way pilot 
valve for on-off service. 


Super-Pressure Valves 


For throttling or let-down 
service up to 30,000 psi. Features 
an exclusive high-pressure 

bellows seal. Port sizes and 
connections to meet high 
pressure process specifications. 


8 Strategic Branch Shops for Coast-to-Coast Service: Pittsburgh, Pa. » Chicage (Skokie), Ill. * Dallas, Tex. * Houston. Tex. ° 
San Francisco (San Leandro), Cal. + Los Angeles, Cal. * Montreal. Que. - Vancouver, B. ©. 





OLUTION TO YOUR CONTROL VALVE PROBLEMS 


QUICK REVERSIBLE 
MOTOR WITH 
SUSPENDED 
CONSTRUCTION — 
NO GUIDES NEEDED 


CONNECTIONS 





TEFLON V-RING 





FULLY ENCLOSED 















TAMPER-PROOF 
SPRING 


WEATHER-PROOF 
MOTOR HAS LOW 
CENTER OF 

GRAVITY 











TRAVEL 








INDICATOR 


EASILY 
ACCESSIBLE 




















PACKING 


WIDE RANGE EQUAL 
PERCENTAGE 
STABILFLO PLUG 








GUIDED 
PLUG 


STUFFING 
BOX 


GUIDED 
PLUG 


...with Foxboro 
Pneumatic 
Control Valves 


You can always be sure of get- 
ting the control valve best suited 
to flow conditions and control ac- 
tions when you specify Foxboro. 
No other single source offers such 
a wide variety of control valves 
for specific applications. None 
other has Foxboro’s experience in 
applying them — in every phase 
of industrial processing. 

Your choice extends from 
valves for simple on-off control 
at one extreme, to specialized pro- 
portioning control at the other; for 
high vacuum work to operation at 
30,000 psi; for temperatures from 
—350° to +1000°F. And there’s 
a wide choice of plug designs — 
and of alloys and trim to handle 
even severely corrosive and ero- 
sive fluids 

You can save shipping cost and 
time, too, buying direct from Fox- 
boro’s strategically located 
branch shops. They're staffed by 
experts. 

A few typical control valves 
from Foxboro’s complete line are 
illustrated here. For full details, 
or specific information on your 
problem, call your nearby Fox- 
boro Field Engineer or write The 
Foxboro Company, 362 Norfolk 
St.. Foxboro, Mass. 
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“DATAFILE” stores 22,000,000 characters, 
average access time of 15 sec. 


Five times the capacity of a standard magnetic tape 
and one-tenth the access time for less than twice the cost 
These are approximately the figures that apply to Electro 
Data’s new medium-speed random access storage system 
dubbed “Datafile’. More specifically, each Datafile unit 
can store 22 million characters, and the average access time 
from any point in the memory to any other point is under 
i5 sec for a completely filled memory, decreasing to 2 se 
10 percent of capacity. The buying price is about $25,00 
Up to ten Datafiles may be connected to the central computer 
providing a memory of nearly a quarter-billion characters 

Rather than use large, continuous recording surfaces 
drums or discs, ElectroData engineers chose easily available 
low-cost, j-in. mylar tapes. These tapes are arranged 
parallel as 50 separate 250-ft lengths, stored loosely in 
pairs of bins. The arrangement of the tapes can be seen in 
the top photograph. ‘Taken together, the tapes are equivalent 
to a surface 3 ft long by 250 ft wide, with parallel recording 
lanes that can be reached by a servo-positioned reading hea 
The system has this advantage over the continuous surfact 
however: each lane can be searched independently without 
moving all the other lanes, thus making it possible in many 
applications to arrange the data in a particular lane so that 
the most-referred-to items lie near each other, effectiv 
reducing the access time. To read a particular tape, the h« 
assembly shown in the drawing is servo-driven to that ta 
then precisely positioned by a mechanical detent. A pin 
roller then arbitrarily connects the tape to one of t 
counter-rotating drive rollers that run the length of ft 
machine. The first few addresses read determine if t 
arbitrary starting direction is approaching the selected 
dress; if it is not, the tape is reversed immediately to r 
the selected address in the minimum time. The two hea 
ire used because each tape carries two six-channel interlaced 
lanes, as in the standard Datatron tape units. Thus, th 
are 100 selectable data lanes on the 50 tapes, each la 

VACUUM MANIFOX divided into 1,000 blocks of 220 characters. Four ch 
nels contain a binary-coded decimal digit, the fifth a parit 
code, and the sixth marks blocks of 20 11-digit comput 
words. The read-record head assembly is driven by an et 
rate-damped servo from a precision de bridge, and its aver 
random traverse time is just under 1 sec, corresponding 

3 travel of 17 tapes.—ElectraData Div. of Burroughs C 
TAPE BIN Pasadena, Calif. 
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“INDOX V” saves weight and space. 


Indox V, a new oriented ceramic permanent magnet ma 
terial, produces a very high peak energy product and permits 
substantial weight saving. Made of a ferrite magnetic mate 
rial, oriented in the direction of pressing, Indox V has a peak 
energy product of about 3.5 x 10°. 

On an equivalent weight basis, the energy of Indox \ 
is comparable to that of Alnico V, and because of its high 
coercive force (2,000 oersteds), the required length is only 
28 percent that of Alnico V at optimum operation. Resi 
dual induction of the ‘new material is 3,840 gausses. At th 
point of peak energy product, flux density is 1,920 gauss¢ 
and demagnetizing force is 1,820.—Indiana Steel Products 
Co., Valparaiso, Ind. 


Circle No. 2 on reply card 


LITTLE “TRAMP” features rugged design. 


Weighing only 6 oz, this compact TRAMP (transistorized 
servo amplifier) is designed primarily to receive control tran 
former signals and to operate a size-15, 60-cps, 6.1-watt serve 
motor or equivalent. The unit mounts on four 6-32 weld 
studs. Standard model uses seven-pin plug-in connectors, but 
turret head terminals are also available 

On the electrical side, input impedance 1s 000 ohm 
nominal. A typical voltage gain would | 50. volts at 
2 watts output. Internal adjustments provide essentially 
90-deg phase shift. Input power requirements are 28 vde at 
350 ma for maximum output, and 20 ma for zero signal 
M. Ten Bosch, Inc., Pleasantville, N. 4 


Circle No. 3 on reply card 


NEW COMMUTATOR needs little power. 


Powered by a 400-cycle, 115-volt, two-phase motor, thi 
ncw telemetering commutator require nh watts to pr 
vide 10-rps pole speeds, and only 15 watts for 30 rps 
Brushes, or poles, are of special metallic alloys, dynamicalh 
balanced and mounted on jewel pivoted bearings with low 
spring rates The commutating surfaces are made up ol 
internally segmented cylindrical section Before assembly 
these sections are precision slotted to permit inter-pole phasing 
accuracies of 0.2 millisec at 30-rps pol veeds. Only 24 in 
in diam by 53 in. in length, the uni is exceeded 1,000 
hours life at 10 rps and has withstoo 
frequencies at 16-g amplitude In 


Laboratories, Inc., Attleboro, Mass 
Circle No. 4 on reply card 


TEST SET handles 1,000 components. 


Called the Model 815 Life Test Set, the system shown 
here permits fast, accurate mass life testing of vacuum tub 
transistors, and other electronic component ests are p 
formed simultaneously on up to 1,000 component 

rhe unit is said to provide an automaticalh 
digital readout of operating information, in both 
typewritten form. Readouts are made in sequence 

I’lexibility is achieved by a logical | down of the equip 
ment into 10 specimen racks, five power supply racks, and 
a control console. An initial installation for mMpon 
ents may be increased in multipl is need 
Systems Development, Inc., Binghamton, N. 


Circle No. § on reply card 
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(Patent 2,730,704) 


Scam Model SC-10 DU-ALL annunciator 
systems introduce new standards for 
compactness, usefulness and economy. 
Available in four standard cabinet sizes 
with Scam’s unique plug-in relays, plug- 
in light boxes with 2-section back light- 
ed nameplates. Each plug-in and light 
box combination provides alarm indica- 
tion for two separate and unrelated 
field conditions ... Write or phone for 
information on your specific alarm 
problem. 

: Ne es BN 2 | 

“ALARM SEQUENCE: 
Normal: lights off, horn off 
Abnormal: lights flashing, horn on 
Reset: lights bright, horn off 


Normal eqein lights oa a off 


Vesheons of tho 66-96 thine 


1. 


2 


. 


Interchangeable with standard 
Scam systems. 

Operates with normally open fie!d 
sighals. 

Optional Lock-in of momentc ry 
alarms. 

De-energized circuit (no-drain). 
Photograph illustration above 
with 20 alarm stations requires 


panel area of only 754" high x 
173” wide. 


- Two lamps for each indication. 
. Economical, 
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INSTRUMENT CORP, 
Chicago 13, 
Phone GRaceland 7-7850 


SALES REPRESENTATIVES: 
Atlanta * Boston ¢ Buffalo * Chicago 
Cincinnati ¢ Cleveland © Dallas « Detroit 


Illinois 


Houston ¢ Indianapolis « 
los Angeles ¢ Louisville « New York 
Philadelphia ¢ Pittsburgh ¢ Portland 
St. Louis * San Francisco © Seattle « Tulsa 
Toronto and Vancouver, Canada 


Kansas City 
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New Peoovers __ 


RESEARCH, TEST 
& DEVELOPMENT 


SOLID STATE 


One of the exhibits at the Automa- 
tion Show in New York City was the 
“Euclid” solid-state computer shown 
above. ‘This particular model 
decimal-to-binary conversion, 
and addition of binary numbers. Mul 
tiplication and division are accom 
plished by repeated shifting of digits 
and addition and subtracting. Num 
bers are handled within the computer 
in serial form; i.e., all digits of a 
number are transmitted over a single 
wire in a time sequence. Stepping 
rate of the binary digits is 20,000 per 
Logic and storage are 
accomplished in square hysteresis loop 
magnetic circuits. Neon lamps 
are only as indicators.—Strom- 
berg-Carlson Div. of General Dy- 
namics Corp., Rochester, N. Y. 

Circle No. @ on reply card 


COMPUTER 


pel 
forms 


sec. decisions 


COTC 
used 


PROGRAMMED TEST SET 


I'he equipment above performs the 
complete final electrical test of a 177 
channel FM/FM_ missile 
system in than 


telemetering 


less one hour. The 


semi-automatic set was designed 
a rapid and accurate 
of telemetering packages w 
highly skilled technical people 
operator initiates the sequen 
measurements. Setup — includ 
power-supply rack to furnish the 
sarv voltages; a signal simulator 
signals comparable to 
of the missile’s transducers; 
rack for analog 
sub-carrier 


a need for 


to provide 
a rea 
to-digital convers 
analyzer rack to break 
mixed information; 
rack that directs t 
operations and com 
to print.—Pacifi 
Aviation Corp., North H 
Calif 
Circle No. 


complex o1 
programme! 
quence of 
the printet 
Bendix 
wood, 
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ROTARY 


\ new addition to this 
ot test instruments, 
gear shown 


TESTER 

company’s 
the rotary 
permits rapid 
accurate indexing of shaft position « 
rotary components such as potent 
and synchros. Fix 
consists of a precision gear fixed t 
shaft and chuck. Millitest Co., H 
stead, N. Y. 


Circle 


here, 


cters, resolvers, 
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NEW PHOTOMETER 


I'his Universal Photomultiplier Ph 
meter features high sensitivity 

accuracy, low drift, flexibility of op 
tion, and modest cost. Incorporat 

















If forward voltage drop is a problem 


in your diode circuitry...see the 


RADIO 
o°\ RECEPTOR 


Germanium Diode DR 385 





with controlled forward voitage drop 
between 0.34 and 0.37V at the 
10MA level 


Available now in 
production quantities 
for immediate delivery 





------------—— ---4 





+ - 4 4—__i__4__} 
TYPICAL FORWARD 


CHARACTERISTIC L 








Forward voltage drop @ 10MA 
Characteristics Minimum 

Maximum . 
Maximum reverse current at —10V 
Peak inverse voltage 











Maximum inverse operating voltage 

Continuous DC forward current 100MA 
Ratings Surge current for 1 second 500MA 

at 25° € Average power dissipation 80MW 

Derating above 25° C 10MW/10° C 






































DR 385 exhibits fast transient r and similar diodes 


iP 





can be offered fully tested to your recovery conditions. 














Further information on DR 385, or any other RRco. diode type will be sent 
you at once upon request to section C2. 


Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. 
240 Wythe Avenue, Brooklyn 11, N. Y. « EVergreen 8-6000 


Radio Receptor Products for Industry and Government: Selenium Rectifiers * Germanium Diodes 
Thermatron Dielectric Heating Generators & Presses « Communications, Radar & Navigation Equipment 








FEBRUARY 1957 143 





The BICHROMATOR' Infrared Analyzer 


Designed for Continuous Gas and Liquid 
Analysis Under Plant Conditions 


Here is the first industrial infrared 
analyzer based on the proven principles 
of laboratory spectrometers and used 
for continuous monitoring and control 
of chemical processes. The Bichroma- 
tor Analyzer is a two wave length, 
dispersion-type instrument, applying 
base-line density principles of the infra- 
red laboratory to continuous process 
analysis. 

It is an extremely stable and rugged 
instrument with no moving optical 
parts. The simple radiation null prin- 
ciple and closed loop servo system in- 
sure rapid response, virtual freedom 
from source or line current variation, 
or changes in amplifier linearity. This 
photometric system allows full-scale 
recorder operation with as little as 3% 
change in transmission. 

The Bichromator Analyzer continu- 
ously measures the concentration of 
one component in an industrial sample. 
It is set on two wave length intervals; 
one, unique to the sample being ana- 
lyzed (the component of interest), the 
other at a reference wave length where 
the sample does not absorb radiation. 
The energy difference at the two wave 
lengths is proportional to the concen- 
tration of the component of interest 
and can be converted to a measure of 
the concentration. 

Thousands of laboratory infrared 
spectrometers now in use attest to the 
accuracy and stability inherent in the 


design of the dispersion instrument. 
Furthermore, the performance of the 
Bichromator Analyzer can be predicted 
from laboratory spectrometer data and 
tied to present laboratory control pro- 
cedures. 


- Check these features - 


1 Sample cell in separately purgeable 
compartment outside main instrument 
for ease of checking without exposing 
instrument proper to plant atmosphere. 
2 Built-in test circuit for rapid, simple 
instrument checks in hazardous areas 
without need for tools or test equip- 
ment. 


3 Electronics system features unitized 
construction with functional subassem- 
blies for simplified servicing. 

4 Special by-pass liquid sampling 
cells designed to give fast response 
and eliminate sampling lag. 

5 Handles unstable or corrosive gases 
and liquids. 

6 Handles hot or cold samples. 

7 Interchangeable dispersion units, 
factory pre-set, for each specific con- 
trol problem. 

8 Field conversion to a new problem 
is possible. 


a 
Perkin = Elm er CORPORATION 


Norwalk, Connecticut 
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lc tron 


supply, th trument use 


] 4 
teries, and is completely self-con 


ind port ible 


l 


Unit provides 
current adjustm 
well as both decade and contin 


ZCTO ind dat 


variable sensitivity controls 


visions are also made for oscill 
readout.—] 


Oakland, ¢ 


and graphic recorder 


ido Electronics Co., 
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Lhe I t1O I 1 
measures ratios in the 
ot LUU per n instrun 


telemet 


cells and standard 

provides voltages in 

lt and 10 volts As 

ing arrangement permits use OF ¢ 

this internal source or an ex 

source. The standard cell and pr¢ 

components make the Model | 

extremely accurate and versatile t 

tool.—Allegany Instrument Co., 
Cumberland, Md 
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SUB-SYSTEMS 


PACKAGED PROTECTION 


A series of pa kaged protective 
measuring systems is now availabl 
pipe ling chemical processes, 
test faciliti Lhe tems 1m 
plug-in clectronic units for tem] 


ture, pressure, and vibration prot 





one ofthe series 


Hard Tube Circuitry: Hard tube circuits 
assure jitter-free relationship between 
pulse and synchronizing triggers. 


Repetition Rate: 100,000 PPS 
to single pulse with either 
positive or negative polarity. 











DuMONT 


i ot = OR FOP WE EOR) b— 
* DEFINITION : Acommon ailment of an hereditary na- 


ture, common to certain species of pulse generators. Symptoms: bumps, 
squiggles, and twitches in pulse. Cause: nervous triggering of pulse due to 
too much hydrogen in thyratron (or something like that). 


PRESCRIPTION: Hard tube circuitry for pulse generation. 

Du Mont’s done it! Here is a pulse generator that you can depend on 
for high-speed pulses that are clean and accurate every time. A completely 
new hard-tube circuit provides pulses with a broad range of widths, ampli- 
tudes and repetition rates, resulting in an instrument that can simulate 
virtually any test condition. 

There is no other pulse generator that approaches the 404 in per- 
formance, operating ease, or value. Write for complete details... 


® 
p NT TECHNICAL SALES DEPARTMEN 
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THEY’RE TALKING ABOUT 


ELGIN'S NEOMITE 


Designers are excited about the unique 
advantages of Elgin’s new NEOMITE 
Relay. It’s the world’s smallest, weigh- 
ing just .09 ounces, and requires only 
100 milliwatts of power to open and 
close electrical circuits. There’s 
nothing like it for size or per- 
formance...and now 

they’re available from 

leading distributors. 


ACTUAL SIZE 
only 0.392" x 0.195 
x 0530 high 


SPECIFICATIONS 


Relay Type 
D. C. Coil 


Resistance 
(+ 10% @ 50 Ohms 


20°C) 
Coil Voltage 3-5 V.D.C. 6-10 V.D.C. 9-15 V.D.C. 
Pickup 44 MA Max, 22 MA Max. 14 MA Max. 


NMIC 50 NMIC 200 =NMIC 500 NMIC 1K NMIC 2K 


200 Ohms 500 Ohms 1000 Ohms = 2000 Ohms 


12-21 V.D.C. 18-30 V.D.C, 
10 MA Max. 7 MA Max. 


Duty: Continuous 

Dropout: 30 to 60% of pickup 

Contact Rating: .25 AMP at 28 V.D.C. 
resistive load 

Operation Time: 4 milliseconds max. @ 
rated voltage 

Dielectric Strength: Sea level: 500V 
RMS. High altitude: 500 V RMS 


Shock: Shock test: 50 G. without 
damage 

Vibration: 10 G to 500 cps 

Contact Arrangement: SPDT Form C 

Ambient Temperature Range: — 55°C 
to +85°C 

Life: 1,000,000 operations at rated load 

Contact Resistance: .05 Ohms 


YOU'LL FIND WHAT YOU WANT IN 
ELGIN’S ADVANCE RELAY LINE 


Boor —oF 
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EN 
Midget Antenne Latching Coaxial Power Control 
AM Series LE & LH Series CB Series PC Series PV Series 


. . it’s the most complete line of relays to meet almost every 
need. And they’re available from stock at leading distributors all 
over the country. Write today for catalog information. 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
Eigin, Illinols 
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Power Transfer 


NEW PRODUCTS 


tion, pressure measurement, and t 
metering. Plug-in construction per 
the maximum compatibility bet 
system and _ process he 

is designed so that only low 


sensing elements are located in 


ardous areas. Cable connection 


used throughout; no tubing 1 
quired.—Indikon Co., Watert 
Mass 

Circle No. 2, on reply card 


POSITIONING SYSTEM 


Pictured here is a new remote p 
tioning system for transmitting 
tion with appropriate output pow 
It consists of three basic component 
transmitter, amplifier, and recei 
Any form of motion, either linear o1 
rotary, can be transmitted or receive 
\pplications include fuel mixing a 
throttle control on engine test cel 
valve operation in process work, a 
remote manipulation in radioactive 
hazardous locations. The system al 
has a number of airborne applications 


Ihe Bristol] Co., Waterbury, Ma 
Circle No, 42 on reply card 


ON-STREAM ANALYSIS 


Shown is Beckman’s new process § 
chromatograph which analyzes ind 
trial gases by directly sampling a p1 

ess stream. Samples are passed throu; 
a chromatograph column of absorbe 
material. This breaks them up in! 
their component parts. A stream + 
helium washes the fractions out of t! 





Model GLH 


\ rugged magnetically damped in- 
trument with low natural frequen- 
es for low range. High-quantity 
yroduction assures good price and 
lelivery schedules. Available in 
ranges from +1 G to +30 G. 


Model GMO 


A rugged, miniature, viscous-damped 
instrument with ranges from +2 G to 
+30 G. Unbalanced-range instru- 
ments also available. Medium high 
natural frequencies. 


Model DDL 


Magnetically damped low-range in- 
strument available in ranges from + 1 
G to +30 G. Ultra-sensitive models 
supplied as low as +0.1 G. Certified 
to MIL-E-5400 and MIL-E-5272A. 
Especially good in severe shock and 
vibration applications. An accelera- 
tion-sensitive switch version of the 


DDL is designated as the Model DDS. 


Model GMT 


Basically a Model GMO with internal 
thermostat-operated heater, assuring 
maximum environmental stability 
within the instrument. Damping re- 
mains constant with change in ambient 
temperature. 


Model GAL 


Incorporates a variable transformer 
a-c output with the magnetically 
damped sensory mechanism of the 
proven Models DDL and GLH 
Superior reliability, life, resolution 
and sensitivity. Available in ranges 
from +1 G to +30 G. Range as | 
as +0.1 G also obtainable. 


Ns 


Model GDM 


Miniature double-potentiometer in 
strument capable of sensing lateral 
acceleration in two mutually perper 
dicular planes (e.g., pite h and yaw 
Ideally suited for missile and hig] 
speed aircraft flight control systems 


NEW! GENISCO ACCELEROMETERS NOW 
GOLD PLATED FOR GREATER RELIABILITY 


CASES GOLD PLATED INSIDE AND OUT—This new trend 
in instrument plating has two important advantages 
over tin plating or fusing. Being the least active metal, 
gold prevents the formation of crystalline “whiskers” 
inside the case which could reduce performance and 
even cause malfunction. Gold plating also assures posi- 
tive protection against corrosion to the exterior of the 
case and, because of its excellent solderability, makes 
possible a more reliable hermetic seal. The new gold 
plating is available on all models at no extra cost. 


Descriptive data sheets available on all models. 


Please send request on company letterhead. 


NCORPORATED 


2233 Federal Avenue 
Los Angeles 64, California 
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DATA 


HIGH CAPACITY (COLLECTION 
SYSTEM 
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TRANSMITTER | | 


cieaal 





From submarines to satellites — wherever you 

need to collect data — this system does the jot 

@ SMALL Designed primarily for airborne application, i! 

combines high capacity, dependability, accuracy, 

@ RUGGED and ruggedness in a small package. Featuring 

solid-state components and printed circuitry, the 

@ ACCURATE units are highly resistant to shock and require a 

total volume of less than one cubic foot. The 

@ DEPENDABLE binary output may be transmitted via an FM 
radio link or recorded on magnetic tape. 

PERSONNEL 

INQUIRIES 


Write for complete information 
INVITED 


eve) : 
RADIATION Inc. “3° 
Electronics * Avionics * Instrumentation 
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CSSIVGE order 
through a thermal conductivity 
that determines both the amount 
type of compounds present | 


column in suc 


data are presented as bar graph 
the recorder paper. ‘Timed sam 
valves can be set to analyze up to « 
components of a Si ile plant st 
or from two to seven different str 
of similar composition. Once 
Instruments operation 1s comp 
automatic.—Beckman Instrum 
Inc., Fullerton, Calif. 


Circle No. 13 on reply 


COMPACT EDGE GUIDE 


More compact than earlier model 
this new edge-guide unit is design 

for light duty service in the rubl 

plastics, textile, and paper convert 

fields. A self-contained regulator, 1 

tor, pump, and oil supply simpli 
installation of the unit.—Askania Reg 
ulator Co., Chicago, Il. 


Circle No. 14 on reply card 


TAPE DUPLICATOR 


A high-speed paper tape regenerat 
unit, consisting of a motorized t 
reader cable-connected to a motor 
tape punch, will duplicate 5-, 6-, 
or 8-channel tape at a rate of 1,. 
codes per minute and produce a c 
posite tape if required. The c 





NOW -PORTABLE 
400 cycle power 


This new frequency changer makes it pos- 
sible to provide well regulated 400 cycle 





power conveniently and quickly. This unit, 
Model FCR 250, is extremely useful in a wide 
variety of applications including testing, 
production, airborne frequency control, com- 
puters, missile guidance system testing, and 
in practically any application where the use 
of 400 cycle power is advantageous. 


Model FCR 250 is only one of a complete 
line of frequency changers available from 
Sorensen ... the authority on controlled 
power for research and industry. Write for 
complete information. 


ELECTRICAL CHARACTERISTICS 
Input 105-125 VAC, 1 phase, 50-65 
cycles 
Output voltage 115 VAC, adjustable 105-125V 
Output Frequency 320-1000 cps in two ranges 
Voltage regulation +1% 
Frequency regulation +1% (+0.01% with auxiliary 
frequency standard fixed at 400 
cycles) 


load range 0-250 VA 





@ ~~ 
6 © «6 


soso ane MODEL FCR 250 
oe 868 Cf 








SORENSEN 2&2 COMPANY, INC. STAMFORD - CONN. 


In Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment 
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Que PULSE CODE KEEPS 


~ TAB” ON OKAN PIPELINE 


Keeping a pipeline flowing 
smoothly is a mighty big job... 
that’s why OKAN PIPELINE 
wants the latest in automatic 
equipment to speed its work. An 
important part of this equipment is 
the “Varec” PULSE CODE Tele- 
metering System, which signals 
the liquid level of storage tanks 
at terminals and along the line. In 
addition to this function, it turns 
valves on and off by remote control. 
“Varec” PULSE CODE operates 
over long distances, giving an ac- 
curate signal. It requires only a 
simple metallic pair for a commu- 
nication link. It supplies a fast 


reading in the record time of 5 
seconds. There is also a unique fea- 
ture for remote control of valves, 
pumps, etc., which confirms that 
the proper selection of remote 
function has been made and indi- 
cates the status of the selected 
function. The operator may now 
change the status and receive a 
confirmation that it has been com- 
pleted. 


You may want to cut your oper- 
ating costs by using a “Varec” 
PULSE CODE System. Equip- 
ment for reporting either spot or 
average temperature, in addition 
to liquid level, is now available. 


Write for “Varec” Bulletin CP-3011 for full details on 
“Varec” PULSE CODE Telemetering. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


Compton, California, U.S.A. 
Cable Address: Varec Compton Calif (U.S.A.) All Codes 
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posite can then be used for 
transmission, computer input, tap 
card converters, recording instrum¢ 
and other equipment where one 
tape accelerates data processing.—( 
mercial Controls Corp., Roch 

WN. ¥. 

Circle No. 15 on reply card 


MEASUREMENT & 
DATA TRANSMISSION 


3-OZ ACCELEROMETER 


his tiny (3-0z.) accelerometer i 
signed for use in instrumentation 
control systems. Simple and rugg 
the unit has a high output potentio 
eter pick-off and a pressure-sealed ca 
Operating temperatures range fi 
minus 50 to 100 deg C. Typical : 
celeration ranges are plus or minus 
15, and 35 g. Some units are alrea 
in use on target drones and in n 
sile systems.—Humphrey, Ine., Sat 
Dicgo, Calif. 


Circle No. 16 on reply card 


PRESSURE TRANSDUCER 


A magnetic reluctance pressure tra 
ducer of the diaphragm type is ™ 
available in full-scale ranges from 1, 
to 10,000 psi. ‘The unit operates in 
cording and control systems comp 





ca ” 
Where the switching job is big, 
‘ il 
but the space is small... 
Specify ¢ ee THE ORIGINAL DOUBLE-POLE SWITCH WITH 


EIGHT CONTACTS. 


Makes possible a wide variety of cir- 


cuit combinations. 


@ THE ORIGINAL DOUBLE-POLE SWITCH WITH SIMULTANEOUS 


“MAKE AND BREAK” ACTION. 


Reduces arcing, prolongs switch life, increases electrical ca- 


pacity and permits unusual applications. 


@ THE SMALLEST DOUBLE-POLE SWITCH. 


Saves weight and space; allows more compact designs. 


the original 


perr s 


DOUBLE- 
D8 SWIT 


Look What You Can Do With It... 





Control Four Circuits with ONE Snap 


(a) Red Used in motor control device at 
= M left, switch, when actuated, (1) 
turns off red pilot light; (2) com- 
~T Solenoid 6) pletes circuit to motor winding, 
Green starting motor; (3) opens circuit 
to solenoid latch; locking door to 
M5 V. AC motor gear box; and (4) turns on 
green pilot light. 

















Start, Stop, Reverse Three-Phase Motors 


Because this new double-pole 

switch can simultaneously break 

or reverse current flow through 

two windings of a three-phase 

motor, you can use it as an in- 

expensive limit switcn on three- 

phase lathes and drills. Use it to 

control automatic sequences, to 

%, limit motion of machine members 

" driven by three-phase motors and 
Three-Phase Input _ Motor as a Start-and-stop switch. 








Wire Movable Poles in Series to Switch High Current 
or High Voltage 


—- As proof of simultaneous action, 
High Current you can connect the two movable 

ae Circuit #2 poles in series to increase contact 
area for high current applications 

and to increase number of contact 
breaks for high voltage switching. 





High Voltage 
Circuit #1 
10 V. D.C 





Equip with Actuator 


Push-button actuator may be 
added for panel mounting or for 
long overtravel. Switch is rated at 
15 amps 125/250 v. AC or 10 
amps inductive, 30 v. DC. Case 
dimensions are only 114.” x /%” x 
\/,". Weighs only 20 grams. 











OTHER ELECTRO-SNAP PRECISION SWITCHES 
Standard Immersion-Proof Hermetically-Sealed 
Basic Switch Switch Switches 
Sub-Minieture industrial Limit 
Basic Switch Switches 


Eliminate Expensive Relays and 
Additional Switches in Many Applications 


This double-pole switch offers de- 
signers a wide variety of circuit 
hook-ups that were formerly pos- 
sible only with complicated re- 
lays or a number of separate 
switches. Controlling three-phase 
motors is but one example. 


GET FULL DATA 


F” ciecrRO-<NAP SWITCH AND MEG COMPANY? 


ELECTRO-SNAP SWITCH AND MFG. be hema 
4248 West Lake Street ZA 
Chicago 24, Illinois ig 
Please send full information on the original Electro-Snap D8 
Double-Pole Switch to: 

a 


Title 


CO — - 
Street_ an — 


City. cathinaitnenntmeeanniig SSeS 
— Sew eee ee ee eee _—= SE Se ee _—_—_—— 
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) input rat 





ivnam 

iccurate ft 
elit full S ilk 
to the working 
permitting ¢ 
liquids and 
rosion resistan 

1S-S type tainl modificati 

be built on special order. Unit v 

18 oz, has a diameter of 13 In., and 


- : aa rh overall lenecth of 32 in.—Pac ] 
‘ ‘ y ? ? ae : a tnt Co North Hollywood. ( f 
for Pk = ." “hs Ben Circle No. 17 on reply card 
Torque | 
Testers \) 


MODEL 320DY } a 
DYNAMOMETER ' = — | PRECISION PICK-UP 


i 
“ 
ee. ah aaa 


A When vour fractional H.P. motors must meet specific Srnee his series of resistance-bulb tem] 
: ture pick-u itures high 
ards, Chatillon Running Torque Testers and Dynamometers fe rl i 


ind wi t 


empcrature 
are the answer. terval o ' 100-ohm 
You can now test your motors to 1.01 15 ot load with ince chan vill ur mav be 
these compact bench models. — 100 d . nits Nave an out 
up to > t thout implifi¢ it 
hines include Available various ranges from m 
: : @ 300 to plus 1,800 deg F, the picl 
Ranges Power Dissipation u t Sere 
TC qics ] l DI 
"ounce to 32 bs Continuous 0 > to .2HP ; 
L” ounce to 320” Il itinuou O4HP to .2HI up to nsia. When enecii 


can 1{4,. hour OAHP to. 4HP 1] 
\ © iti > e ther I ( tor inst 
as ileal 15 minutes -L6HP to .8HP 


Up te 10.000 RPM in cor! ru r gas 
Torque Accuracy Sonics, Inc., Lexington, Ma 
14, of 1% or 1% of 1% of full load Circle No. 18 on reply card 


] 
depending on capacities. 
Tachometer Accuracy 
| of full seale. 





BMal-idaalet-tt-hitet-lih Mi edged ited t-te! 


against overheating. 


Tabi-imedat-lalel-t-lell-me-Jelalale ty 
of Chatillon Iso-Elastic Temperature- 
compensated material. 


;s and Dynamometers are. available 


Jesigned for precision accuracy in hun- 


SECTOR POTENTIOMETERS 


Engineered for aircraft and mus 
control systems, these precision pot 


85 CLIFF STREET, NEW YORK, N. Y. tiometers are used for measuring 
facturer f Precision Springs and Force Measuring Instruments Since 1835 oles frol 1 to maximum of ‘ 


deg Ot h rotation Accuracy 
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TECHNIQUES ond DEVELOPMENTS 


in oscillographic recording 









































PHASE SENSITIVE DEMODULATOR PRE- 
AMPLIFIER PROVIDES A DC VOLTAGE 
PROPORTIONAL TO AN INPHASE COM- 
PONENT OF AN AC VOLTAGE WITH 
RESPECT TO A REFERENCE, 


voltage component is often necessary in per- 
formance studies of servo systems or of suppressed 
carrier signals over the carrier frequency range from 


60 to 10,000 cps. In such cases the demodulator Ai : BASIC 
responds to inphase signals and rejects quadrature i 


— A circuit with these char- ai % = FACTORS 


7% o acteristics for use in an oscillo- 
graphic recording syste m can be 


of Re ce Lt Ts _) @ IN SELECTING 


Tec measurement of the amplitude of an AC 


Servo Sew A alll Sea 
\ Preamplifier. It was developed 
by 


Sanborn as one of twelve OSCILLOGRAPHIC 


interchangeable, plug-in front 


ends for “150” Series equipment, 

to be used with the appropriate Driver Amplifier- RECORDING 
Power unit in any channel of a “150” system. 
Elements comprising the circuit from input to out- E 
put, include: compensated stepped attenuator and QUIPMENT 
cathode follower input circuit, phase inverter, push- 
pull mixer and demodulator stages, differential DC HEN considering any oscillographic system or equipment 
output amplifier and low pass filter. In addition, the for zi Enatio bree |“ isticks’”’ ly 
chassis contains a VIT'VM to facilitate accurate or your application, thre —— yoreesaces =5S Spey 
adjustment of the reference voltage, and an overload are (1 ) the recording method, (2) equipment adaptability, 
indicator which lights a warning lamp when exces- and (3) variety of equipment available. Here are the answers 
sive quadrature voltages exist. — to the three, as they apply to Sanborn systems. In the record, 

Adaptability to a fairly wide variety of applica- rectangular coordinates accurately correlate multiple traces, 
tions is accomplished through broad input voltage, simplify interpretation and eliminate errors. Permanent traces, 
reference voltage and frequency ranges. In order, produced bv a hot ribbon stvlus with 
these are 50 mv to 50 v (for full scale 5 em deflection), ° 
10 v to 125 v-60 cps to 10ke. Rise time with low fre- 
quency plug-in demodulation filter is 0.1 seconds; 


out ink, provide sharp 
peaks and notches, and clearly reveal all signal changes. One 
percent linearity results from current feedback driver amplifiers 
with high frequency filter, 0.01 seconds. Quadrature and _— rah ary ee pennger ye = a ri bee a paces shoay oo 
rejection is better than 100.1; for carrier frequencies ; MM mh maa ore arer e- DM ACTOSS CUTS CHAT. 
up to 5000 cycles. From the standpoints of “adaptability” and “variety”, Sanborn 
ae representative uses of the Servo Monitor *150” equipment offers the versatility of 13 different plug-in 
Preamplifier are in the design and adjustment of front ends for any basic system . . . the choice of one- to eight- 
servo systems, and with instruments used in the channel systems... the variety of nine chart speeds, timing 
design, development or adjustment of other appa- and coding controls 
ratus. The first is illustrated by use of the Pre- 
amplifier and associated equipment in the recording 
of the output shaft amplitude and driving frequency 
of an AC positional servo; the second by recordings 
made with a similar setup of the difference between 
output signals from a gyroscopically-controlled sta- = The purpose of the foregoing information is to better acquaint 
bilizing device and the “pitch” and “roll” signals 
generated by a “Scorsby Table” used for testing the 
device under dynamic conditions. 


IS 


, console or individual unit packaging . 
availability of equipment as either complete systems or indi- 
vidual amplifier or recorder units. 





industry with typical oscillographic recording problems and 
their answers, design considerations in Sanborn equipment, and 
basic data on what Sanborn makes and how it is being used. 


For a detailed discussion of the principles and design 
considerations involved in the Servo Monitor Pre- 
amplifier, refer to the February, 1955 issue of the 
Sanborn RIGHT ANGLE, for Dr. Arthur Miller's article on 
“Measurements with the Serve Monitor Preamplifier.” 








Technical literature and engineering assistance on specific prob- 
lems are always available from our engineering department. 
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within 0.5 percent, resolution t 
in 0.10 deg. Units are rugge 
well-insulated. ‘They are parti 
qualified for explosion-proof 
ments, severe environmental 


for prototype units and > | tions, vibration, shock, and ten 
nitial production requirements 26 oe ie bee wee © 


come V shaft extensions 


cee cither or both sides, with termin 
FRANCHISED DISTRIBUTOR ; | ] 


integral cable, and singly or in 


ie ee Re AP cuaeo) ) | gang units—Humphrey, Inc., 
Calif 


’ bY | Die £O, il. 
. Vo) Circle No. 49 on reply card 


SIMPLIFY YOUR CIRCUIT | REDUCE WIRING 


I" 


sae 
ERS . 


oe... a R.A.S. 
<P D MIDGET STEPPER a “Sq “°° — 
continuous [@e : ~~ 

ROTATION a , 
STEPPER 
































FOR LOW FREQUENCIES 





a YS . . r * ae . ‘ 

a P.E.R. m M.A.S. Slowly varying environmental ] 
ELECTRICAL RESET mre e ADD AND SUBTRACT nomena from steady state to 40 cy 
STEPPER : MIDGET STEPPER can now be measured by this n 

‘ series of differential transformet1 


2 GUARDIAN STEPPERS XK x ©. ) weute celerometers. Based on a different 


transformer transducer principle, th 


ARE KNOWN TO . * =< f ) for Guardian instruments feature high output v 
REPLACE 20 od Bulletin high resolution, no friction, and sn 

~ size. ‘he line includes units wil 

INDIVIDUAL CONTROLS! — ¢yM120. © SD-11 includes units wit 


ranges of from to 
MIDGET STEPPER within | percent, and sensitivit 


from 10 to 100 mv/g/volt input. A 
CTARDSA GUARDIAN Series ditional specs include hysteresis of 
POWER RE LAYS than 0.25 percent, output impeda 
@ NO SOLDER CONNECTIONS REQUIRED! 1200 RELAYS of 1,900 ohms at +00 cps, and a wei; 
@ INTERCHANGEABLE COIL available in a variety of voltages | of 3 oz.—Gulton Industries, hh 
25 AMPERE, 230 v., Ac. "See Rugged midget relays if ; Metuchen, N. J. 
Power Relays for motor Stam’ are rated at 8 AM- JM . Circle No. 20 on reply card 
starting, heater loads, and PERES, 115 v, A.C, 
Contacts range up to 


, 3 P.D.T. Coils for 6 v., ; 
changeable coils rated at 24 v. 110 v. AC ¥ / ; — wT 
6, 24, 115, or 230 v., A.C. dee Parry oo 2S LIGHTWEIGHT VENTURI 


U/L specifications 





similar applications. Inter- 














\ new fabricated venturi tube, ca 


WUE for name and address of your nearby Guardian Franchised Distributor | tYP¢ PV’, a departure from the sta 


ird cast-iron or plate-steel variety 

| now available in sizes ranging f1 

GUARDIAN WELE CTRIC 6 in. to 96 in. in diam. An im 
formed section (the venturi itself 

1623-B W. WALNUT STREET CHICAGO 12, ILLINOIS | stainless steel, eliminates the po 


“Everything Under Control’’ | bility of corrosion. The surroundi 
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NOW! LOW COST 


TODUAUINCRADO oe 


FOR TEMPERATURES UP TO 600 °F 


New FULTROL 
Thermostatic 
Pilot Controller 
No. 1100-C & D 


Here is another example of how Fulton Syl- 
hon gives you the best temperature control 
or your process at the lowest possible cost. 
This time it’s an all-new FuLTROL Thermo- 
static Pilot Controller—a simple, compact 
unit that now enables you to control temper- 
atures up to 600° F. with proportional accu- 
racy, but at on-off cost. 
All that FuLTROL needs is an air or other 
supply at a constant pressure anywhere be- 
tween 18 and 40 psi. From then on, FULTROL 
strait-jackets temperature by modulating the 
output pressure to a final control valve, 
damper, or other device. FULTROL does all 
this by means of a simple, stainless steel thermal element. There are 
absolutely no troublesome pivots or levers. 
What’s more, you get all these extra features in the bargain: 
¢- Instant knob adjustment of control setting over any 200° range 
specified between —50° F. and 600° F. 
¢ Easily adjustable proportional band from 5° to 25° F. - 
* Protection against over-run temperatures (100° above range limit) 
* Resistance to pressures up to 300 psi. 


ae ie Robertshaw Fubtin 


CATALOG SHEET 


NO. 10-28CW 4 Conta CONTROLS COMPANY 


FULTON SYLPHON DIVISION «+ Knoxville 1, Tenn. 








em e eR ACT URS > ULAT kK A i AOR 38S 
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Deliquescent Domains 


Western Electric has announced that their relays 


will no longer be available for sale to manutacturers. 
: and supporting section is consti 
The problem — obviously — will be to find satis- XS ot 


stainless-clad or carbon-steel 
factory equivalents Ve Single- or multiple-tap designs 


available. ‘he high pressure belt js 
The Sigma Type72AOZ — 160TS can replace the made from a formed channel welded 
to the outside of the pipe. In a single 
tap tube, this is eliminated. ‘The 
interchangeable by design and mechanically inter- throat pressure belt 


WE 255A polar telegraph relay. It is functionally 


is ordinarik 
aoe cased om formed by the space between the out 
changeable by means of an adapter. The 72. has 
; side pipe and the insert. — Burgess 
been exposed to such varied field service that Manning Co., Philadelphia, Pa. 
comparative experience for most applications can Circle No. 22 on rcpty card 


be cited. 


ARITY SHOWN 


LINEAR SCALE AMMETER 


The linear scale ammetcr shown here, 
developed for military use, has been 
successfully subjected to extreme 1 
bration, shock, moisture, salt 
and fungus over a wide range of con 
160TS ditions, from sea level to 50,000 ft 
72A0Z-160TS and from minus 55 to plus 71 deg C. 
160 +10% The standard model is designed for 
soni use on a 200/115-volt three-phase, 


CONTACT GAP, NORMAL MINIMUM, INCHES 004 400-cps system, but special models 
CURRENT SENSITIVITY. ONE COIL, MA 
NORMAL RANGE OF SIGNAL LEVEL, MA 








RESISTANCE PER COIL, OHMS 
TURNS PER COIL 
INOUCTANCE PER COIL, HENRY 


can be ordered. Unit is supplied 


/ with ad spe cial transformer for con 
MAXIMUM INTELLIGIBLE SPEED, PULSES/SEC 0° 


(70% CONTACT EFFICIENCY) verting ac current to a 5-ma level 
WaRoa/ Min. RAUIV = lhe transformer may be located 150 

BIAS DISTORTION ALLOWED, 5S MA. SIGNAL 6 : 

PERCENT BREAK, 100 WORDS/MIN., 20 MA. SIGNAL / tt Or more from the meter with no 

TOTAL COIL DISSIPATION FOR 40° C. RISE, WATTS noticeable effect on accuracy.—Beck 

man/Helipot Corp., Newport Beach, 


Calif. 


: eit . = Circle No. on reply card 
As for the WE 280, there is no exact Sigma replacement. We 22 ply 


AS MEASURED IN SIGMA LABORATORY 











do have five different polar relays which, depending on your 


application, may be equivalent even though not interchangeable. 


Thus, if you do not need an exact duplicate of a Western POWER SUPPLIES 


Electric polar relay, there is undoubtedly a suitable Sigma polar 


relay available immediately. If you do, your comments may be all 
; ‘eS : ULTRASONIC GENERATORS 
the incentive we need for providing a new design. 
A new series of ultrasonic generato1 
designed to drive a wide variety 
low-impedance ultrasonic transducet 
is now available. Accenting an w 
tuned output system and featur 
500-watt RF power output plus 
varied range of frequency levels, the 


generators should prove useful 
SIGMA INSTRUMENTS, INC., many electromechanical techniquc 


69 Pearl Street, So. Braintree, Boston 85, Massachusetts Blower cooled, they operate at 
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You may not need clock drives, but time 
(production time) is a problem everywhere— 
and that calls for the most dependable, most 
efficient use of electric drives—like here! This 
clock, with 300 Ibs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 

Are you sure you've got the right answer to 
your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 


MASTER ELECTRIC 
MOTORS 


Motor Ratings...’ to 400 H.P. All phases, voltages, frequencies. 


Motor Types Squirrel cage, slip ring, synchronous, repulsion- 


start induction, capacitor, direct current. 





Construction 


Speeds 
Installation 


Power Drive 
Features 


Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose. 

Single-speed, multi-speed, and variable speed. 
Horizontal and vertical, with or without flanges 
and other features. 

Electric brakes (2 types)—5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 


electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 


Dayton 1, Ohio 








The ‘‘works’’ of a tower clock. 4% H.P., 115/230 voit 
60 cycle, 1 phase Master Right Angle Gearmotor supplies 
main drive with a synchronous output speed-of 30 R.P.M 
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ENGINEERS! 


solve problems 
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WESTINGHOUSE now offers you 
immediate opportunities to 


in atomic propulsion 


Work in nuclear energy with 
the company that powered 


the Nautilus ... first atomic sub! 
NO DELAY IN AWAITING SECURITY CLEARANCE 


New ground-floor opportunities are now open at Westing- 
house to break into vital atomic work. Join a fast-growing 
department which purchases, through subcontractors, the 
atomic equipment needed for submarines and surface craft. 

Assignments involve broad responsibility — from prepara- 
tion of specifications for components, through fabrication 
and testing, supervising quality, delivery to shipyards, and 
putting equipment into actual operation. 

Westinghouse invites you to join this challenging activity 
— whether you are a professionally established engineer, or 
just starting your career. Relocation allowances and unique 
automatic annual salary increase plan, in addition to merit 
increases. 


IMMEDIATE OPPORTUNITIES FOR: 


ELECTRICAL ENGINEERS — with experience in instru- 
mentation, design and application, controls and 
electro-mechanical devices. 


SEND YOUR Mr. John D. Batey, Dept. 121, 
RESUME TO: Westinghouse Electric Corp., 
P. O. Box 1047, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 





ACCURATE CONTROL 
quency atc 20 Ks 2 UNDER VIBRATION 


Industrie . Vie 
N. J. 


Circle No. 23 on reply card 


AIRBORNE POWER SUPPLY 


\ transient-free, short-circuit-proof 
me power supply provides 22.5 
for various telemetering and 
nent applications. An _ cxclusive 


magnetic regulation frees it from 


- transients. One regulator, a high a F20A FREE GYRO 


formance flux oscillator, permits 


a speed control of line tran The only FULLY FLOATED 


ind line voltage changes; the 


hish-o FREE GYRO now in production 
r, a high-gain magnetic amplifier, 


ilates against load change. Result 


Eliminate vibration problems from your control 
s smooth, filtered de output with ex 


system! 


nt static and dynamic regulation Rocket engines mean high speeds — Mach 


Magnetic Research Corp., FE} Se- 3.0 and up. They also usually produce vibra- 
lo. Calif tion, the enemy of precise control 
The F20A-1 FREE GYRO operates with less 
Circle No. 24 on reply card . than 0.5° per minute drift at 15G’s along any 
44, axis and from 10 to 2000 cps. This dependable 
accuracy under extreme vibration is only pos- 
sible because of its fully floated construction 
which excludes the effect of vibration and 
allows the F20A-1 to accurately sense direc 
tional movements. Because this is the ONLY 
FULLY FLOATED FREE GYRO in production 
today, it is specified as a must on many of the 
ultra high speed rocket powered missiles of 
today 
GYRO MOTOR: The F20A-1 is just one of the many precision 
Synchronous instruments built by DAYSTROM PACIFIC COR 
PORATION, one of the big D family that 
PICKOFFS: includes Weston Electrical Instrument Co 
Synchro, one per Gimbal Heath Corp., Daystrom Electrical, Daystrom 
Instrument, Daystrom Nuclear 


SPECIFICATIONS: 


TORQUERS: 
A.C., one per Gimbal 
WRITE TODAY for complete details on production 


control components by Daystrom Pacific Corporation 


COMPACT POWER 


Designed with the drive motor and 
lternator on the same side, a new 
ne of Varidyne power units should 
rove extremely useful in applications 


PACIFIC CORPORATION 


GYROS 


: POTENTIOMETERS, 3035 NEBRASKA AVENUE 
here limited space is an important ACCELEROMETERS, and 


tactor. A valuable characteristic of all ALLIED COMPONENTS en ae eee 

iridyne units is that all motors op aaa ae eate 
rating in tandem, as on a conveyor, 
ry an equal percentage of the load. 


Remember D for Daystrom, Daystrom for Dependability. 
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HOW THERMISTORS CAN HELP YOU 


( 


Measuring Low 
gaseous Pressures 
with 

GLENNITE® Thermistors 


A GLENNITE bead thermistor can. now be adapted by simple 
circuitry into a precise manometer capable of measuring pressures 
from 50 to 2000 microns. Lincoln Laboratory of M.I.T. recently 
used such a system based on the principle that thermistor 
dissipation varies with the conductivity of surrounding gases. 
In the circuit self-heated thermistor is 
differentially cooled by the changing of the gas pressure 

in the system. 


shown above the 


This action causes an imbalance in the 
wheatstone bridge circuit. The information can be cor- 
related to determine gaseous pressure with an accuracy 
of 1/10 of 1% over the entire range from 50 to 


2000 microns. 


For a more detailed explanation of this therm- 
istor application write to Thermistor Division 
for your personal copy of ‘Rapid, Precise 
Measurements of Krypton Adsorption 

and the Area of Course 
Particles” by Dr. Arthur Rosenberg 

of Lincoln Laboratory. 


Surface 


Thermistor Division 


ulton Industries, Inc. = 


NEW PRODUCTS 


iwainst costly d 
from extreme overload at an 
point.—U. S. Electrical Motors, 
Los Angeles, Calif. 
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This insures 


REGULATED DC POWER 


This regulated de power suppl 
be adjusted to provide any voltage 
tween 300 and 500 vde. Maximu 
output is 500 vde at 300 ma. Unit 
also supplies 6.3-vac filament voltage 
at 6 amps max. A line voltage of | 
to 125 vac is regulated by a 0.5-+ 
cent change in the output voltag 
Ripple is said to be below 10 my 1 
for any voltage or load within ratit 
Che compact unit weighs only 23 | 
Dressen-Barnes Corp., Pasad 
Calif. 


Circle No, 26 on reply card 


INFORMATION 
DISPLAY INSTRUMENTS 


RUGGED CHROMATOGRAPH 


Another instrument designed 

vapor-phase chromatography, the T) 
26-202 Process Chromatograph is s 
to be reliable, and easy 
service. It consists of two units: t 
analyzer, built for use at the sam] 
point or other hazardous locations 


fey 


rugged, 


control un 


the plant; and the 
Gnn which may be 


METUCHEN, NEW JERSEY 


located as much 
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when you want 


ANSWERS... 


you can get 
them quickly 
with 
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Getting the answers to control problems is now 
easier with Servomechanisms’ Mechanical Devel- 
opment Apparatus—an assortment of precision 
mechanical components. You prove out designs in 
the lab quickly and economically by simulating 
instrument and control systems in the breadboard P * wt 
phase. nF; Telies. Sra aa] 

And, MDA components can be used over and cS a aoe aad 
over again on other projects as they develop. You : ae 
do not need to be an engineer to use this equipment ; 
—in many cases laboratory technicians perform a 
major portion of the work. 

Servomechanisms, Inc. maintains a complete 
stock of all the components shown plus many other 
companion parts—insuring immediate delivery 
from a single source. 

Full details are available in our Mechanical 
Development Apparatus Brochure—Bulletin 
MDA200. Write for a copy today. 





A SERVOTIUC/UOUNISMS 


INC. 


MECHATROL DIVISION 


625 Main St., Westbury, L.!., New York... Telephone EDgewood 4-6500 


WESTERN REGIONAL OFFICE 
1000 WEST EL SEGUNDO BLVD., HAWTHORNE, CALIF. 


FEBRUARY 1957 161 





high efficiency 


Filters, Regulators, and Lubricators 


« 


with the NEW 


for Air Supply to Pneumatic Equipment 


EZ? high efficiency ave 


consisting of: 


WATTS 
high efficiency 
FILTER 


WATTS 
high efficiency 
REGULATOR 


WATTS 
high efficiency 
LUBRICATOR 


Complete range of Sizes: '/,”, 


os 


q. 
> i j 


Wi / 


2s > 


TORNADO ACTION 


Contoured inlet eliminates drastic air pres- 
sure drop and forces the air into a down- 
ward spiral. This “Tornado Action” sets 
up centrifugal force which spirals dirt 
and moisture particles downward into 
the “quiet zone.” 


New 


New ASPIRATOR ACTION 


Watts Aspirator contro! acts directly on 
input valve, giving instant compensation 
for fluctuating pressure demands 
provides precise control and 
pressures reaching individual 
equipment. 


stabilizes 
pieces of 


New BY-PASS PICKUP» 


Watts new By-Pass Pickup makes possible 
an exclusive high velocity venturi section 
which vaporizes virtually 100% of the 
metered oil. By-Pass permits maintenance 
of constant pressure in the venturi section 
with minimum pressure loss. 


fg “i Wy ” 


BOWLS CAN BE 
REMOVED IN 
30 SECONDS 


Write for catalog and specification 
sheets on WATTS high efficiency line. 





SINCE 


Warrs 
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CONTROL 


REGULATOR COMPANY 


18 75 


LAWRENCE, MASSACHUSETTS 


ENGINEERING 


NEW PRODUCTS 


S00 ft awa Lhe instrument 1 
use of the elution method of \ 
phase chr iphy. A fixed 


ple of gas is introduced into a ¢ 


ymatogi 


gas steam (e.g helium, h 
gen, nitrogen), and washed 
through a column by the 
flow of carrier gas. As 
ponent emerges from the 
different 


concentration in the 


contin 
each 
botto 
the column at time 
stream Cal 
cell, 


measured by a conductivity 


indicated recorder 


is a pe ik 
include a stain 
vaporizer regulat 


trodynamics ¢ 


CeSSOTIC 

steel filter 
Consolidated | 
Pasadena, Calif 
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PRESET COUNTER 


Designed for industrial applicati 
the MEK-2094-AG electronic count 
will count dependably from 0 to 5 
counts r second without sp 
adjustments or circuit 


1] 1 
flexibl the 


changes. |] 
tremely 

with photoelectric, emiconduct 

magnetic, contact making picku 
At the end of the warning and fi 

count plug n rela ire energized f 
contro] purposes Warning circuit 
can be used to slow down the proc 

to assure accurate 


unit can operat 


ontrol or to p 
vide notice that 


ibout to be 


the preset number 
Several types + 


T¢ iched 
ae 
reset are available in the 


Machine Electrifi 
Northboro, Mass 
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Sadlnc 
ition, In 


PYROMI 


\ : | 
troll ) 1 utomati 


control of from four to ten sepa 


MER CONTROLLER 
1h nultip t pyrometer 


t¢ mper it 





2345678901234567890123 
9 


0 
5 6 
456 789012. 4567S 
8901234567 BS 0123459 
56789012345 78901234 


5678 8 9 3 901 
01234567 89012345 6789012345 
2 5 


567890 2345678901234567890 
G56 7TBEIO1ZI4SETEIO123 4S 6 


Peg 012 34567890123 4567890123 46567 


FEATURES: 


* Three independent, adjustable trigger-level controls 

permitting full rated sensitivity at any voltage level between 
300 and +-300 volts 

Simplified color-coded controls and direct read-out in ke, 
mc, sec or millisec with automatic decimal point indication 
Small voltage increments ordinarily masked by attenuators 
are easily selected 
Oscilloscope marker signals facilitate start and stop 
trigger-level adjustment for time interval measurement 
of complex wavsforms 


APPLICATIONS: 
Multi-purpose instrument designed for precise measurement 
CMC model 226A of Frequency, Frequency Ratio, Period (1/frequency) 
and Time Interval. Pressure, Velocity, Acceleration 
Displacement, Flow, RPS, RPM, etc., may also be measured 
UNIVERSAL COUNTER -TIMER with suitable transducers. May be used as a secondary 
frequency standard 


BRIEF SPECIFICATIONS 
Frequency Range 0-1,000,000 cycles per second 
Period Range 0.000001 cps to 100 ke 
Time Interval Range 3 microseconds to 1,000,000 seconds 
Time Bases 0.00001, 0.0001, 0.001, 0.01, 0.1 
1 and 10 seconds; external 
1 and 10 cycles of unknown (period) 
Secondary Frequency 
Standard 1 mc; 100, 10, 1 ke; 100, 10, 1 cps 
External Standard 
( om plete specifications is Input 0 tol me 
available from representative in your area a Price $1,100.00 


hops | 


or direct from factory 


Computer Measurements Corporation Dept. 848 


5528 Vineland Ave.*+ No. Hollywood, Calif. 
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' 7 Cys a ais 
. units with one instrument. It has + 


accuracy of a null balance pote: 


ometer measuring circuit and the spe 
see ee @ of an electronic control system. U 
applies to almost any installation 
From a single-rack recording system to a multi-console data quiring two-position control acti 
processing center, Electronic Engineering Company has the 
experience and personnel to design and produce the equip- 
ment you require. EECO design techniques, perfected over ‘ 
years of systems work, can be put to work for you in an naces, aging and reaction  vess« 
EECO engineered system—freeing your own engineering batch process units, etc. A pulse tin 
staff for tasks specifically related to your products. and selector switch automatically CC 


nect thermocouples in sequence 
the master control unit which con 
ASKANIA THEODOLITE DATA e——feeq GROUND TELEMETERING DATA pares each thermocouple voltage to it 
set point, and energizes or deenergiz: 
ROCKET TEST the corresponding load relay.—Therm 
Electric Co., Saddle Brook, N. J 


Circle No. 29 on reply card 


Such applications include creep t 
machines, multi-zone ovens and fi 





a 
> 


























FLIGHT TEST 














TRACKING RADAR DATA 








EECO Central Data Processing System, Edwards 

Air Force Base. System gathers data from aircraft, 

rocket test facilities, tracking radar, high-speed _ TE DS 
track, and processes data for analysis and/or PANEL METERS 

( e 3, L! computer input. Clear plastic cases aid illumination of 

the dials on these new panel meter 

Case sizes and mounting provision 





~ 


HIGH-SPEED TRACK TEST : na | conform to acceptable industry stand 
ards. Stock models, all of which us 


: : : a D’Arsonval-type movements, include 
-lhl A < | ' . 
Plug in Circuits ey dc microammeters, milliammeter 


developed for EECO systems, ammeters, millivoltmeters, voltmeter 
provide a key to lower cost ee and similar ac types.—Waters Mfg 
, ; Fe ae ate ae ba ae ‘o., South § » Mass. 
equipment design and fabrication. Co., South Sudbury, Mass 
Data on standard and custom a Circle No. 30 on reply card 
circuits available in catalog G-1l. Be 








Electronic | Interesting and challenging work in systems CONTROL DEVICES 


Engineers | and related projects offers unusual employ- 
and | ment opportunity at EECO. Send resume to the a ay eae, 
Physicists | attention of R. F. Lander. PRESSURE SWITCHES 


A new line of pressure switches sp¢ 
cifically designed for aircraft use has 
Electronic Engineering Company just been added to this company’s 
of California line of pneumatically actuated elec 

“ trical devices. They may be used 
and its subsidiary wherever electrical circuits must bé 
Engineered Electronics Company switched in response to pressur 


180 South Alvarado Street « Los Angeles 57, California changes in gases, liquids, and atmos 
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These MODERN Recirculating Ball Units can help you... 


OLVE ACTUATION and TORQUE PROBLEMS 


Saginaw b/b Screws guaranteed 90% efficient 
—offer 6 major advantages for designers 


Available in custom machined and commercial 
rolled thread types —have been built from 11 
inches to 3914 feet long—% to 10 inches diameter. 


Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


7 VITAL POWER SAVINGS. With 
guoranteed efficiency of 90%, Sag- 
inaow b/b Screws are up to 5 times as 
efficient os Acme screws, require only 45 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Scog- 

inaw b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves are smaller and lighter. Units 
hove been engineered from 12 in. to 
39% ft. in length. 


3 PRECISE POSITIONING. Mochine- 

ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics because a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel. 


At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 

mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
cre practical where hydraulic fluids hove 
lost efficiency or reached their flash point. 


5 LUBRICATION LATITUDE. Even if 

tubrication fails or cannot originally 
be provided becouse of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built ond qualified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable thon hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vantages over other makes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure. 


WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 


Saginaw b/b Splines average 40 times lower 
friction coefficient than sliding splines 


Transmit or restrain high torque loads far more 
efficiently—have been built from 3 inches to 10 
feet long—% inch to 6 inches in diameter. 


The Saginaw b/b Spline radically in- 
creases the efficiency of transmitting 
or restraining high torque loads. In- 
stead of sliding against each other, 
surfaces glide on rolling balls. 


The steel balls recirculate in closed 
circuits formed by mating longitudinal 
raceways spaced around the circum- 
ference of inner and ovter splines. 
Guides return balls. 


This revolutionary new kind of spline utilizes the same basic 
principle pioneered by Saginaw in the ball /bearing screw. 
It permits new engineering designs never before practical— 


literally lets you achieve the ‘impossible’! In any application 
where column length must change under torque load, the 
Saginaw b/b Spline offers greatly decreased friction, less 
wear, longer life, more dependable operation. It can be 
fitted with integral gears, clutch dogs, bearing and sprocket 
seats or a wide choice of other attachments for use with 
electric, hydraulic or pneumatic units. To convert push-pull to 
rotary motion, helical types are available with very high leads, 


ranging from 20:1 to 100:1. 


SEND TODAY FOR THIS FREE 


1957 


ENGINEERING DATA BOOK... 


Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 4V, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 


Splines to: 


NAME 
COMPANY 
ADDRESS 


CITY 
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NEW PRODUCTS 


RPH TIMING MOTOR 
20 in.oz. atl e.p.h. (1/60 ¢.p.m.) 


Used in switches, timers, and [ = 
special control epplications. No phere nits will perform accu 
need for extra gears between 1 in any position and will withstan« 
r.p.m and 1 r.p.h. in intermittent environmental requirements of 
time trains, provides gear train priate MII spec 
with lifetime lubrication, enclosed 
and trouble-free. Optional 1-way 4 = 
or 2-way clutch; speeds RPH: 0.8 5 psi and 150 psi; and miniatur 
to 120.0 at 60 cycle, 0.8 to pressures from 2 psi to 100 psi, « 
100.0 at 50 cycle, 1.0 and 2.0 in 
at 25 cycle. 


lwo SIZCS arc 


able: regular, for pressures bet 


absolute, gage, or differenti 
specified. Ihe Bristol Co. W 
burv, Mass. 


Circle No. | ar 
20 IN. OZ. HIGH-TORQUE 8 IN.OZ. TIMING MOTOR ae Se Ss OP eaey cael 


Ideal for timing motor applica- For timing machines, time 
tions in controls requiring con- switches, heating and air condi- 
tinuous power and high torque. tioning controls, and other timing 
Instant starting, dependable ac- devices. Speeds 0.8 to 600 r.p.m. 
curacy and flexible installation. Instant starting, operates in any 
Operates in any position. Speeds position, with temperature range 
0.8 to 600 r.p.m. —40° to +140° F. 


DEPEND ON SYNCHRON 


TIMING MOTORS TO MATCH 
YOUR CONTROL SPECS 


a timing motor for every control in the Synchron line 


You can depend on Synchron to match your control motor 
specifications. Three midget motors designed, built, and rated 


for the control industry. Check for yourself — find out how Syn- DUAL-RANGE CONTROLLERS 
chron motors can match your control specifications. ‘Two new dual-range themistor-actu 
ated temperature controllers ar¢ 


DESIGNED, BUILT, AND TESTED FOR LONG-LIFE to appeecisbly extend controle 


erating range. ‘The operating rang 
Dependable performance in the field is built into every Syn- of Model 56006 are 200-600 deg | 


chron motor before it leaves the factory. Careful quality control and 100-300 deg F, providing a tot 


i i . werage of 100 to 600 deg F. Mo 
begins on the drawing board and follows every production step. Se ae”, m | whist te e 
) COVCTS Ss ( < 


Every motor is subjected to 51 inspections and lab tests before deg I, and 0-150 deg F, providing 
shipment to insure accurate and dependable performance. total spread of minus 100 to plus | 
deg I’. Ranges can be switched 

stantly without recalibration or ot! 
adjustments. ‘This is done by po 
tioning a selector switch on the fr 


panel.—Fenwal Inc., Ashland, Mass 
HANSEN MANUFACTURING CO., INC. Circle No. 32 on reply card 


fill out reader service card or contact representative 


DUAL RELIEF VALVE 


HANSEN REPRESENTATIVES: Shown is a cross-section of a n¢ 


The Fromm Co., 5254 W. Madison St., Chicago, Ill. © R. H. Winslow Assoc., 123 E. 37th St., New hydraulic relief valve designed to 1 

York, N. Y. © Electric Motor Engineering, Inc., 8255 Beverly Blvd., Los Angeles 48, Cal. and 3907 lieve shock pressures at contro] valve 
- : , . , 

Lyon Ave., Oakland, Cal . C. Johnson Agencies, Inc., Rochester, Buffalo, Syracuse, Binghamton, or motors. Available in either guide 


New York. ; < : 
piston or differential piston typé 
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*““Now. here. vou see. it takes 
all the running you can do. 


to keep in the same place. 


Charles Lutwidge Dodgson and the Red Queen 


Dr. Dopcson would be delighted with a parallel to the to keep ahead of Tomorrow. But certain of America’s 
prophetic environment he devised for his Red Queen and advanced-electronics companies have achieved in their 
Alice in his classic “Through The Looking Glass.’ The work a velocity that has borne them beyond hitherto 


advanced-electronics industry is running as fast as possible unexplored frontiers. Litton Industries is among them. 


LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA 


Plants and Laboratories in California, Maryland, Indiana and New York 


DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE 


SPACE SIMULATION RESEARCH 
MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING SERVOMECHANISMS 


PRECISION COMPONENTS & TRANSFORMERS 
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NEW PRODUCTS 


these units protect hydraulic 

ponents and systems from exces 
pressures when control valves are 

denly reversed Ol bloc ked Ol when 
external load is applied to a mo 
hey also assure smooth, safe start 
and deceleration of heavy loads. l 
consist of two adjustable relief va 


*CCOL-d 


e ok in one body. Each relieves in 
laswitch rela direction, and can be adjusted to t 
same or different pressures. W1 


pressure exceeds a desired setting, 


° is relieved from one line and direct 

ee0e erme icd y sed Qa into the other line, thereby elimin 
ing the necessity for a connection t 

the system reservoir.—Fluid Contr 


contacts ins, eee, Ch 
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LIGHTNING RESPONSE ... LOW CAPACITANCE 


(Shown Actual Size) 


Here’s the famous Revere glaswitch in a relay 
aagPee: : How would you 
. individual contact pairs hermetically sealed .. . : 
immune to contact contamination and mechanical apply it? 
“bugs” ... operating time less than 2 milliseconds. 
Tamper proof... small... easily stacked. Used for HIGH SPEED 
° ; : SWITCHING 
telemetering read-out and many other applications. 


Suitable for explosive atmospheres. LOW CAPACITANCE 


The Revere glaswitch relay shown consists of an actu- REQUIREMENTS POSITION CONTROL 
ating coil and four SPST magnetically operated, her- 
metically-sealed glaswitches. Assembly is mounted in 
shock-resistant rubber and enclosed in a steel hous- 
ing for magnetic shielding and protection. Relays can EXPLOSIVE an unusual arrangement of bridg: 
be stacked in any combination without interaction; ATMOSPHERES circuitry it positions to an accuracy of 
number of contacts can be varied; 6, 12, 24 or 48 0.5 percent ind repeats to within 0.2 
V.D.C. coils, mounting and plug-in provisions to suit paceman ton 
' g and plug-in p ° 


REQUIREMENTS percent, without the use of vacuu 
specific applications. tubes or photocells. One commercia 


DRY CIRCUIT [his new device provides automati 
SWITCHING positioning control for a wide variet 


of industrial applications. Employin; 


PULSE use of this control is on a convey 
CHARACTERISTICS (24-Volt Coil): CIRCUITS operating at 100 fpm. — Walls 
Contact Rating: At 28 V.D.C.: 0.5 amp inductive Associates, Ltd., Newark, N. J. 
(L/R = 0.026) or resistive. Circle No. 34 on reply card 
Contact Form: Normally open or normally closed. 
Contact Surface: Electro-plated rhodium. 
Sensitivity: Approximately 500 milliwatts. 
Operating Time: 4.5 milliseconds at 24 volts D.C. p 
1.9 milliseconds at 50 volts D.C. Bulletin 1061 
Temperature Rise: 10°C. at 24 volts D.C. 
(Continuous) 30°C. at 50 volts D.C. 
Contact Life: 100,000 cycles guaranteed at rating 
specified above; increases rapidly 
as load decreases. 


Small Size: 0.88” x 0.88” x 3.25” 


Send for Enginnering 


Sneinecing Metiesin 


4 
i 


* Revere trademark 





* CORPORATION OF AMERICA 31 eager DELAY | 


new thermal time-delay rel 
(overall length less than 2 in., diam 


WALLINGFORD, CONNECTICUT, A Subsidiary of Neptune Meter Company | eter } in.) features a contact rating of 
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ps at either 115 vac noninductive 
3 vde noninductive. Unit operates 
mbient temperatures from minus 
to plus 125 deg C, and timing 
es run from 3 to 120 sec, plus or 
is 10 percent. A port permits 
stments without removing the 
i] dust cover. Relay operates on a 
to-115-volt ac or de supply. Heater 
‘ris stated as 3.75 watts.—Bell 
1: Mfg. Co., Bloomfield, N. J. 
Circle No. 35 on reply card 


FINAL CONTROL 
ELEMENTS 


VALVE-AMPLIFIER TEAM 


Billed as a team by Honeywell, this 
‘ransistorized servo amplifier and a new 
électrohydraulic servo valve provide 
the building blocks for a variety of 
machine control systems. The all- 
transistor amplifier permits parallel 
summation, ratio comparison, or series 
summation of input signals. Designed 
primarily to supply power for this and 
other electrohydraulic servo valves, the 
mplifier may also be used to drive dc 
relays and dc servo motors. The valve 
is available with or without a linea 
variable differential transformer, de- 
pending on _ requirements. These 
rugged, precision-machined units were 
specifically designed for industrial ap 
plications. All are available now in 
limited quantities as pre-production 
engineering models. Minneapolis- 
Honeywell Regulator Co., Machine 
Controls Div., Minneapolis, Minn. 
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MOTOR-AND-GEAR TRAIN 


Only 2.8 inches long, a new motor 
nd-gear train combination has an out- 
put torque of 25 oz-in. at 1.7 rpm, 
nloaded. Rated for continuous duty 
t 115 volts, 60 cps, it uses a single 
phase capacitor or two-phase servo 
notor, and has an operating tempera- 
ire range of minus 55 to plus 97 
eg C.—John Oster Mfg. Co., Avionic 
Div., Racine, Wis. 


Circle No. 37 on reply card 


HAGEN count switch 


iD 


PAID FOR BY SAVINGS MADE 
ON JUST I TOOL 


Simply set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count switch 
trips a switch after a preset number of electrical impulses 
. .. and thereby shuts down the machine automatically. Tool 
wear never reaches the point where tools must be ground 
down excessively to reskharpen. That means increased tool 
life, reduced tooling costs and fewer rejects. Compare the 
savings on just one toc! with the cost of this reasonably 
priced Hagen Count Switch. Chances are, the savings will 
be much greater. 


This Hagen Model 70 Count Switch has 72 dial divisions 
. . . 72 possible settings. Dials are available with up to 
54,000 counts. Accuracy: 1% of full scale range. Ideal for 
feed pumps and metering operations. Send coupon for 
Bulletin 780 — or data on the complete line of reset and 
repeating cycle timers and counters, interrupters and con- 


trol assemblies. 
MAIL COUPON TODAY! 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. CE-257, Moline, Illinois 


Please send free Bulletin 780 on Hagen Cx 
Switch. 


() Send free data on ters, timers, interrupt 
and control asser s 

NAME AND TITLE 
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OPENING NEW HORIZONS 
IN DATA PROCESSING SYSTEM DESIGN 


The requirements for a switching system that will handle 
the high information rates of input and output devices in 
data processing systems have been so demanding that, until 
now, they have constituted a serious barrier to data process- 
ing system design. 

The New NORTH REED ARMATURE RELAY handles 
these switching chores with maximum efficiency and mini- NO STEM PACKING 
mum crosstalk, opening new horizons in system design. rhe 2 

NORTH REED ARMATURE MATRIX SWITCHES are 
being used successfully today in “NORTH designed and 


springless, close-coupled 
valve shown here is one of a comp 
new line of air operated valves 
water treating, chemical, and pro 
industries. Features include: no 
packing or stuffing box; tight shut 
no clogging or sticking. Units 
available with such optional feat 


built” system centrals in high speed data processing systems. 
Write for complete details on how the new NORTH REED 
ARMATURE RELAY can provide an important link in data 


processing systems. 


as handwheel-type limit stops, plast 





position indicators, and microswit 





ittachments for actuating remote 
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TRANSCRIBER tight shut-off can be obtained.—| 


og 
TAPE FILE PAPER (TAPE) ig flow Valve Corp., Cranford, N. | 





TRANSCRIBER 
Circle No. 38 on reply card 
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MAGNETIC TAPE 
MONITOR TRANSCRIBER 


ale \- ia jo 
INTERROGATION UNIT O 
PAPER TAPE CODER 


DCCUM PRINT Z 
sire ahaa nein ELECTRO-MECHANICAL PRINTER 


“BUILDING ‘BRAINS’ IS OUR BUSINESS” 


SORTER 












































INDUSTRIAL DIVISION 


a es Po DC-AC MAG AMP 


; Galion, Ohi 
742 S. Market St on Designed for self-contained 400 cj 


input — signals, this new magnet 
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Hand assembled diodes | COMPARE | Automatically assembled CBS diodes 


UNIFORMITY 


by and for automation 


Reliable producis 


through Advanced-Engineering 


The increasingly automatic assembly of electronic equipment is placing 
serious limitations upon component manufacturers. Rigid, tight tolerances 
must be maintained to avoid jamming the automatic machines. This spells 
automation for components, too. 

CBS has done something about it. On seven integrated machines, CBS glass 
diodes are automatically assembled, packaged, tested. The picture tells the story 

compares the results of this automatic assembly with that of ordinary 
hand assembly. The controlled uniform quality is apparent. As you would ex- 
pect, the uniformity is both mechanical and electrical. 

Take advantage of CBS Advanced-Engineering. Specify CBS glass diodes 
for uniformity ... for dependability ... for automatically controlled quality. 


semiconductors 


CBS-HYTRON 
Semiconductor Operations, Lowell, Mass 
A Division of Columbia Broadcasting System 


ne 
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NEW 


high level performance 
pressure transducers 


w BOURNS 


High vibration performance 
Temperature compensation 


Expanded measurement ranges 


High reliability 


An entirely new concept in pressure instrument performance combined 


with Bourns’ experience in fine instrument manufacturing. 


MODEL 409 
Absolute Pressure Transducer 


. ..@ new design which provides extremely accurate 
performance characteristics. An advanced mechanism 
results in low vibration sensitivity for high vibration 
levels over all pressure ranges. 


“ tT 
So ure raese 
Porentiome® 


Temperature compensation and optimum material 
selection result in negligible temperature effect over 
a wide temperature environment. 

Available ranges: 0-2 psia to 0-100 psia. 


Write for Bulletin 409 


MODEL 509 
Differential Pressure Transducer 


... anew design with the same quality plus features 
as the Model 409. The diaphragm capsules 
manufactured by Bourns provide exceptional hysteresis 
and linearity performance in addition to the low 
temperature error. These production instruments are 
assembled and tested to exacting quality standards. 
Available ranges: 0-2 psi to 0-100 psi. 


Write for Bulletin 509 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 


Pourns LABORATORIES, INC. 


COPR. BL 


TRIMPOTSee LINEAR MOTION POTENTIOMETERS * PRESSURE TRANSDUCERS AND ACCELEROMETERS 
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amplifier is adaptable to input sign 
from de to 1,000 cps with the ad 
tion of a reference transformer. U 
requires no vacuum-tube or transist 
driving stage in a normal servo lo 
Potted and hermetically sealed, it 
intended for use in instrument and 
computing servo systems. Circuit 
of full-wave design. Coils and r 
fiers are said to produce negligibl 
temperature rise and provide reliab| 
performance with a minimum of a 
justment.—The Ahrendt Instrument 
Co., College Park, Md. 

Circle No. 39 on reply card 


SAVES COMPONENTS 


Operating on 
deflection, the 
thyratron (shown here actual 
may be used in circuits where th 
coincidence of two or three signal 
fires the tube. It should find wid 
application in computers, coding ( 
programming devices, counters, o1 
wherever else a coincidence function 
is to be performed. In circuits where 
these functions are’ now accomplished 
with as many as 14 components, thi 
tube will save time, space, and mone 
and will increase equipment 
bility—Kip Electronics Corp., 
ford, Conn 

Circle No. 40 on reply card 


the principle of ion 
KP-80 coincidence 


SIZC 


} 
TCild 


Stam 


ACCESSORIES 
& MATERIALS 


SOLDER RESIS1 


A new solder resist developed f 
printed circuits permits selective sol 
dering, reduces solder waste, and min 
imizes bridging over close tolerance 
Certain areas of a printed circuit ca 
be silk-screened to mask out solde 
“take” while others are soldered 
About 20 to 30 min at 200 deg F ar 
required for curing.—London Chemi 
cal Co., Inc., Melrose Park, III. 

Circle No. 41 on reply card 








iP EXTRACTOR 


idy device is now available for 

ting and inserting switchboard 
lan About the size of a fountain 
pel the new tool has a plastic chuck 
that slips over and firmly grips the 
lamp to be removed. It will fit into 
, pilot hole as small as 0.330 in. in 
diameter. When replacing, a new 
lamp is slipped into the chuck, seated, 
ind released by means of a plunger.— 
Atocon Corp., Galion, O. 


Circle No. 42 on reply card 


RUGGED TEST JACK 


\n exclusive beryllium copper spring 
pin contact in this new test jack pet 
mits smooth insertion and withdrawal 
of standard 0.080-in. test prods. Con 
ict assembly, silver plated with gold 
vash, provides low-contact resistance 
vith the test prod, and fast, strong 
onnection at the solder terminal. 
(he mounting bushing is insulated 
from the contact assembly by a full 
ngth nylon sleeve. For easy visual 
rcuit identification, the nvlon sleeves 
iailable in nine different colors 


theon Mfg. Co., Waltham, Mass 
Circle No. 43 on reply card 


POCKET CALCULATOR 


Problems involving frequency, induc 
tance, and capacity are quickly solved 
a new pocket calculator called 
extended range Calculaid Fre 
quency Computer. The device corre 
lates, in setting, the natural 
frequency and wave length of a circuit 
prising a coil and condenser with 
ie physical dimensions of the coil 
nd the capacity of the condenset 
Made of nonwarping vinylite plastic, 
the calculator measures 6} in. in diam. 
\merican Hydromath Corp., 
Island City, N. Y. 


Circle No. 44 on reply card 
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Long 


ROTRON{ROTRON 


Cooling Panel 
FOR 19” ENCLOSED RELAY RACKS 


f i 


ROTRON mfg. co., inc. 


WOODSTOCK 


SINTRINTS IN IND] 
KNININININT SINE 


FILTER PILOT 





Where do you belong 


Computer Circuit Design Engineers plan elec- 
tronic circuitry for advanced airborne analog 
ind digital computers . . . design linear and 
pulse circuits employing transistors, tubes, 
magnetic devices. Opportunities also exist 
in airborne power supply design, or to 
develop new techniques for marginally check- 
ing computer performance. Do you belong 
on this team? 


Harry Branning (center): B.S.E.E. 1950, 
Syracuse. Design Engineer in circuit design, 
1951; October, 1954, promoted to Associate 
Engineer; April, 1956, promoted to Staff 
Engineer, Systems Planning. In June, 1956, 
appointed Project Engineer and Manager of 
the 110 Computer Circuit Design Depart- 
ment; discussing the performance and pack- 
aging details of a transistorized read amplifier. 


Computer Logical Design Engineers determine 
the systems outline of a computer and its 
inter-connection with external equipment. 
Close liaison is maintained with mathematical 
support, circuit design, packaging and test 
engineers. Computer speed, memory size, con- 
figuration and arithmetic structure are tailored 
to requirements of weapons systems. Do you 
belong on this team? 


William Dunn (standing): M.E. 1950, M.S.E.E. 
1952, Stevens Institute. Technical Engineer, 
1955; April, 1956, promoted to Associate 
Engineer; August, 1956, transferred to De- 
velopment Engineering in charge of Logical 
Design for digital computers in advanced 
weapons systems; here discussing Boolean 
Algebra method of optimizing the logical de- 
sign of an airborne digital computer. 


Systems Evaivation Engineers test and evalu 
ate electronic analog and transistorized dig 
tal computer systems design for aircraft; 
evaluate new systems and improvements to 
insure compliance with specifications and Air 
Other assignments: ti: 
peripheral equipment, liaison 
with design, development and field engin 
ing. Do you belong on this team? 


Force requirements 
in testing of 


Eli Wood (left): B.S.E.E. 1950, Connecticut 
IBM Customer Engineer, July, 1950; Se; 
tember, 1952, transferred to ACL Field E: 

gineering. February, 1954, in charge of Field 
Engineering at Hunter AFB; May, 1955, Ass 

ciate Engineer; appointed Project Engineer 
Manager of Systems Evaluation in August 
1956; here investigating a problem in rad 

data presentation set evaluation testing 





174 


CONTROL 


The brief records of the men cited 
above indicate only a few of the excit- 
ing activities right now in IBM Military 
Products. This division, organized 18 
months ago, has grown enormously. A 
small-company atmosphere prevails. 
Men work in small teams. . . individual 
contributions are instantly recognized. 
Promotions occur frequently. 

As a member of IBM Military Prod- 
ucts, you'll enjoy physical surroundings 
and equipment second to none. Educa- 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 
MILITARY PRODUCTS 


ENGINEERING 


tional programs at IBM expense lead to 
advanced degrees. Salaries and bene- 
fits are excellent. Stability is guaranteed 
by IBM’s history of consistent achieve- 
ment—underlined by the fact that the 
rate of turnover at IBM is only one- 
sixth the national average. 

Throughout the length and breadth 
of the United States IBM has built 
modern plants and laboratories. This 
map points out the various locations 
where you might live as an IBM em- 





MILITARY 
PRODUCTS 














IBM Military Products? 


Systems Engineers oversee the engineering 

pport provided by the Systems Coordination 

1 Specification Group to the factory on the 
AN/ASB-4 Bombing-Navigational System. 
\ir Force requirements are analyzed and the 
resulting engineering changes evaluated to 
determine effect on system performance and 

curacy. Mathematical error analyses are 
run. Do you belong on this team? 


Quentin Marble (left): B.S.M.E. 1951, Syra- 
cuse. Joined IBM in 1951; promoted to De- 
sign Engineer in 1952; May, 1955, promoted 
to Associate Engineer, and then to Project 
Engineer, Manager of the Systems Coordina- 
tion and Specification Group, Production En- 
gineering Department, in February, 1956; 
shown here describing a unique cooling de- 
sign to a new employee in his group. 


ployee. IBM Military Products include 
the Airborne Computer Laboratories 
located in Owego, N. Y., and the Proj- 
ect SAGE installations directed from 
Kingston, New York. 

Here is a real ground-floor opportu- 
nity that you can’t afford to overlook. 
Without exaggeration, your potential in 
this dynamic young field of electronic 
computers is virtually unlimited. Get 
all the facts. Write, outlining your 
background and interests to: 


R. A. Whitehorne 


Systems Analysts anticipate performance and 
recommend design criteria before and during 
development of equipment. Later, they com- 
pare dynamic performance accuracy and re- 
liability characteristics with what has been 
anticipated. Other assignments include Digi- 
tal Computer Systems Engineering, Input- 
Output and Analog-Digital Conversion Engi- 
neering. Do you belong on this team? 


Monroe Dickinson (left): B.S.E.E. 1952, 
W.P.I.; M.S.E.E. 1954, M.I.T. Technical En- 
gineer in analog and alternate computer tech- 
niques for weapons systems, 1952; Associate 
Engineer responsible for systems design and 
analysis, 1954; December, 1955, Staff Engi- 
neer, responsible for research planning; here 
reviewing set-up on laboratory analog com- 
puter of a sampled data control problem. 


Manager of Engineering Recruitment, Dept. 2002 


International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


Exceptional career opportunities are 
now open in IBM Military Products 
for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields 
SYSTEMS PLANNING AND ANALYSIS 
DIGITAL AND ANALOG SYSTEMS 
INERTIAL GUIDANCI 
SERVO-MECHANISMS 

ELECTRONICS 

MECHANICAL DESIGN 

ELECTRONIC PACKAGING 
PROGRAMMING 

FIELD ENGINEERING 
RELIABILITY 
COMPONENTS 

PHYSICS 
MATHEMATICS 
HUMAN ENGINEERING 
INSTALLATION 

CIRCUIT DEVELOPMENT 
POWER SUPPLIES 
TRANSISTORS 

HEAT TRANSFER 
OPTICS 

TEST EQUIPMENT 

COST ESTIMATING 


TECHNICAL PUBLICATIONS 
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ELECTRONIC SLIDE RULE ILLUSTRATES 
SUPERIORITY OF BORG MICROPOTS 





LOADING ERROR 
SOLVED BY BORG 


Loading error, an important considera- 
tion in many potentiometer applications, 
has been solved by Borg. 


LOADING ERROR DEFINED 


Loading error is caused by current flow 
through the contact arm to a finite value 
of resistance (RL) connected to the output 
terminals of the pot. Ratio of total re- 
sistance of the pot to the load resistance 
determines the linearity error caused by 
the load. (Fig. 2). 
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Fig. 1— Electronic slide rule for multiplication (A) 
and for squares and square roots (B). 


THE ELECTRONIC 
SLIDE RULE 


Electronic slide rule. (Fig. 1) was designed | 
to illustrate this correction method in an | 





| actual application. It is not possible with- | 


out two features found only in Borg’s| 
900 Series, accurate load correction over | 
the entire range of 0 to 100%, in pot A, | 
and absolute linearity on all. pots. The | 
ganged assembly of pots A and B shown 
in (B) phased over entire range, illus- | 
trates another valuable feature of the Borg 
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900 Series Micropot Potentiometer. | 














Fig. 2— Series resistance adjustment to minimize 
loading error. 


PARTIAL REMEDIES 


Fig. 2 shows a restriction of the usable 
portion of the pot to the relatively flat 
portion of the curve. This requires trim- 





UNLOADED 
OUTPUT 
WITH Rp 


eens 
@ * 
“~ OUTPUT 


, \ WITHOUT Rp 
LOADED 


OUTPUT 
WITH Rp 





OUTPUT VOLTAGE —= 








+. SHAFT POSITION ———> 











Fig. 3—Preloading to minimize loading error. 
ming resistors and at best makes use of 


less than 24 of the total rotation. 
Another method is to tap the resistance 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


176 


CONTROL ENGINEERING 


JANESVILLE, WISCONSIN 


wire at the point of maximum load error 
and make straight line approximations 
by use of a padding resistor (RP), Fig. 3, 
Load error is not entirely eliminated and 
the cost of the tap, selection and installa. 
tion of the trimmer, is substantial. 


THE BORG METHOD 


The Borg method of eliminating load 
error is made possible by the design of 
the Borg 900 Series Micropot. Loading 
error correction is built into the potenti- 
ometer by means of an integral nonlinear 
actuator contact drive. It is computed to 
introduce motion equal in magnitude and 
opposite in sign to the error of a given 
load ratio. (Fig. 4). 

This method provides accurate load cor. 
rection over the entire range of 0 to 100% 
without trimming or tapping. Dual cor. 
rection can be made when the application 
requires positive and negative values from 
a center tap. 
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Fig. 4— Compensated drive to offset loading error, 
100:1 ratio. 


BORG 900 SERIES 
MICROPOTS ACHIEVE 
OPTIMUM PERFORMANCE 


Borg has designed the 900 Series 
achieve optimum electrical and mechanical 


to 


performance and to meet the most severe 
environmental conditions while present- 
ing to the equipment designer a highly flex- 
ible unit to fill a vast range of applications. 


Write for complete engineering data 
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ble 
ige register view sh wing the compact construction 
er of ap- of the unit 

ing heads 116) DECADE RESISTANCE UNITS. 
pecifica- Muirhead & Co. Ltd. Publication 1742-A, 
operating 2 pp. Describes a line of improved non- 
reactive 1 e un that supersede 
ANALYZER. he manufacturer’s type 5 Decade Re- 
4pp. Out- Inits. Lists general specifications 

1 pecifications of nd then details the electrical and m 

hromator Analyzer, ans- chanica iaracteristics of each model. 
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hat is infrared? There is Electric Motors, Inc. Condensed Catalog, 
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design for the more common electnc power 
REACTOR CONTROI drives. Covers normal speed electric 
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IMPACT 


It takes the impact of specialized engineering to break 
bottle-necks that block the practical application of auto- 


matic control, data handling and other system problems 
1 both the civilian and military fields. 


17 


DAYSTROM SYSTEMS DIVISION takes full respon- 
sibility for the conception, design, assembly, testing 
and installation of complete systems, including the 
training of user personnel. 


DAYSTROM SYSTEMS engineers are qualified to in- 
tegrate and apply to systems problems, equipment from 
the electronic, electrical, optical, hydraulic, pneumatic, 
mechanical and other fields. Whenever DAYSTROM or 
other existing equipment does not meet optimum system 
pecifications, the DIVISION will design and manufac- 
ture special components. Full advantage will be taken of 


the extensive experience of the DAYSTROM 


organization with servo-mechan controllers, air- 
craft systems, computer and r 


ices, gvro- 


scopes, telemetering equipment ystems. 


A DAYSTROM designed syster to more 
efficient, more profitable operations. For further infor- 
mation, call or write for our FACILITIES REPORT. 
See us at the I*-R*E Show in New York, 

Booth 2907-15. 


ROM SYSTEMS 


DIVISION OF DAYSTROM, INC. 
5640 LA JOLLA BOULEVARD 
LA JOLLA, CALIFORNIA 
GLENCOURT 4-0421 
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#1 in a series...on for flowmeters and a pressure spe 


tions chart supplied 


va 5°0\ BIERY . , 1] 
the new science of 128) FLEXIBLE. HOSE & ‘TUBIN 


can Brass Co. Catalog G-560, 60 





“ Describes a wide variety of metal hoses 

i bl tronics tubes for almost every conceivable ap 
Ca eC. cation. Covers welded, soldered, 

threaded fittings, with complete specif 


tions on each type 


129 RANDOM VOLTAGE. In 
continental Dynamics Corp. Brochure 
Model G-100 Refers to a new rand 
voltage or noise source with a precis 





controlled power frequency spectrum 
predetermined unplitude probabilit 
characteristi Contains specificatic I 
characteristi rves, and a block diagra 


+ 
f i | | (130) PRECISION POTS. Helipot Cor 
[| men Data Sheet 54-18 series B, 2 pp. Cove 
the improved operating characteristics 
the company’s new series B precision | 


tentiometers. Illustrates the internal 
struction and contains dimensioned dra 
ings. Also lists specifications of standa 
linear models, and standard linear coils 
131) PACKLESS VALVES. George \\ 
° ee Dahl Co., Inc. Bulletin 1000, 6 pp. Il 
MISS] eC tas trates a number of packless valves a1 
manifolds featuring both tee and togglk 
actuators. Data on typical application 
construction features, flow capacities, ar 
ordering instructions are included. 


. 132) ELECTRON MICROSCOPES 
aircrd t too North American Philips Co., Inc. Cata 
log, 12 pp. Gives complete data 
Norelco’s electron microscopes. Well illu 

’ trated, it covers such things as the optical 
re| IQS On system, the pumping unit, and the acce 
sory equipment. Also included are several 
typical photomicrographs. 


133) RESISTORS. & RHEOSTATS 


Hardwick-Hindle Inc. Stock Bulletin 53 
Cd eC 4 pp. Covers the manufacturer’s line of 
vitreous enameled rheostats, fixed resisters 


ind variable resistors. Tables of sizes ar 
ratings follow a general description of ea 
134) THERMOPILES. Hilger & Watt 
©1957 Douglas Roesch Ltd. Catalog CH-315/5, 12 pp. I 
scribes the maker’s air and vacuum the 
mopiles, listing the physical characterist 
of each. Thermopile applications are s 
gested, and a description of the Hilger 
plifying galvanometer system is given 





For a missile to realize its inherent reliability factor every system 135) COATEI : I ABRIC 5. lhe 

Reale a ie =e : necticut Hard Rubber Co. Bulletin I 
component must “be in tune?’ The burden of sensitive and complex tue ¢ alk siiteeans cals 

: pais ‘ overs Do silicone bbe 

lec ic ‘tions i — > »blems. > inadequacy of , 
€ lectronic functions multiplies the problems I he ri juac! atlas duuin Cae tities  Citeiene: i 
conventional electric cabling, using standard jacketing concepts, properties, applications, and constructi 
is now recognized. Hence there has arisen the demand for “cable- 


Also describes silicone rubber compout 
tronics’—the new systems design concept of true electronic cable for different temperature ranges. 


structures to meet specific requirements. 136) DIGITAL EQUIPMENT. 


' r 
D.R., ‘“cable-tronic” pioneers, are equipped to custom fabricate puter Measurements Corp. Short For 
puting : , 56-57 ? 4] 
complete systems from cable spinning through connectors... Catalog , 12 pp Illustrates t 
: ; more important features of CMC’s ele 
molded breakouts...metal work...fasteners...testing and iad ti bi id ai 
‘ ‘ . onic ounting, ming, anc co Ol 
ass ; : Ss »search and design systems to 5 5 
assembly to — specifications or researc aac instruments. Sectionalized layout enab 
meet your requirements. 


ns ree invone to readily determine the adapt 
J > > > 2S Wr . a ; 
Write for complete facilities brochure ability of the unit to a particular need 


Rep inquiries invited. 137) DIGITAL COMPUTER. Con 


puter Div., Bendix Aviation Corp Bull 
tin AB-116, 6 pp. Covers the highlight 


ouglas of the Bendix G-15D_ general-purpo 

2950 NO. ONTARIO ST. digital computer and its digital differentia 
sch CABLE DIVISION BURBANK, CALIFORNIA analyzer accessory. Shows how the v 
oe , 


satility and range of operations of the basi 
a DIVISION of au-scor7) HALL-SCOTT, Inc. computer are considerably increased 
this new accessory 
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Engineers, investigate your future with Douglas Roesch 





POW ERSTAT’ Variable Transformers 














... for heavy duty applications 


As the leader in its field, The Superior Electric Company 
offers the widest selection of variable a-c voltage con- 
trol apparatus. Standard POWERSTATS are available in 
ratings from 150 to 160,000 volt-amperes. For heavy 
duty requirements, POWERSTATS in gangs of 6, 8, 9, 12, 
15, 18 or more provide the same fast accurate adjust- 
ments to fractions of a volt as the smallest rated unit. 


Generally, heavy duty POWERSTATS are motor- 
driven for effortless control from remote “‘raise-lower” 
switches or positioner stations. Standard heavy duty 
POWERSTATS are supplied for single or three phase; 120, 
240 or 480 volt service with current ratings up to 400 
amperes. 


For more information on POWERSTATS for heavy duty applications, use the coupon below. 


Be sure to see Superior Electric’s 
MOBILE DISPLAY when it 
is in your area. 


THE SUPERIOR ELECTRIC company 
602 MIDDLE STREET, BRISTOL, CONNECTICUT 


Please send your POWERSTAT Bulletin P856G 


Offices: Los Angeles, California . San 
Francisco, California «© Toronto, Ontario, 
Canada « Miami, Florida * Chicago, Illinois 
Baltimore, Maryland « Detroit, Michigan 
New York, New York « Cleveland, Ohio 
Dallas, Texas . Seattle, Washington 


Name..... 
Company. 


Street 


Have your representative call [] 


Zone 
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PELASHBACK PROTEC] 

rp. of America. Bulletin S( 

| his bulletin begins 

brief definition of the term “‘flasl 
ind a distinction between two sta 
flashback control. It then describ« 
Selas Automatic Fire Check. Covers 

les of operation, design and 

I ind installation tech 


Technical’s 
RECORDING CHART SERVICE 


has application for you 


& 








DIGITAL COMPUTER RECORDS... 


Are you satisfied with your present computer 
recording forms? Contact Technical for help 
in developing computer or tabulating machine 
forms best suited for your statistical applica- 
tions. Information on Technical’s “know-how” One figur 
with computer papers sent upon request. : 





shows six positions in 

these Fire Checks may be installed. S 
tion data include a graph showin; 
“ ” pressure drops for various rates of 
SPECIAL RECORDING CHARTS eee through five diff rent size Fire Check 
for new instruments or unusual process needs! 1 table listing the dimensions of 


: ‘he: model. Pages 7 to 11 cover the 
Charts are vital to the new recording instrument ’ 
facturer’s Safety Blowouts for contai 


design. Be sure you contact Technical when e = : 
. : = : damaging flashback. Figure 5, shown h 
your project begins and eliminate recording 5 
problems at the start! For standard instruments illustrates three typical piping arrangem 
recording under unusual process conditions, using the equipment 
Technical can supply ‘Special’ charts on heat (139 VERSATILI GALVANOMI 
or electro sensitive and other papers. Send for TERS Consolidated Electrodynat 
“Technical Notes” containing helpful new chart Corp. Bulletin 1528, 12 pp. Covers ( 


\ 
specifications. solidated 7-300 Series galvanomet 


Completely self-contained, these sea 

units convert an incoming electrical sis 
8000 STANDARD CHARTS ses into a moving light beam. Principl 
await your call ! operation are discussed on page 4. At 


Chart supply is easy . . . and operating costs 
are less .. . when you suggest to your pur- 
chasing men to buy all their chart needs from 
Technical. Technical’s acceptance by large and 
small ‘Blue Chip’ companies is testimony of 
high chart quality. Automatic order process- 
ing and inventory control assure fast service. 
Write for Catalog 56 and stock list. 


























Serving America’s Foremost Industries 


c€CHNICa CHARTS INCORPORATED sited dati 1A bik si 


BUFFALO 10, N. Y. on page 5 (shown), along with ; 


tion of the more important construct 


1 de 


Nationally Represented by TECHNICAL SALES CORPORATION 


features. Galvanometer characteristic 
16599 Meyers Road, Detroit 35, Michigan 


cluding frequency response, damping I 
tionship linearity, phase relationship, i 


STANDARD CHARTS @ SPECIAL CHARTS @ COMPUTER PRINTING AND PLOTTING PAPER square-wave response, are outlined, wit 
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You owe it to yourself and your family 
io compare these multiple advantages 


offered only by Consolidated... 


Find out now how CEC’s engineers enjoy a combination individual has built a pioneering, multi-million dollar 


{ advantages unique in electronics, and made possible by organization—the recognized leader in the application of 


xecutives with both scientific and professional manage- 


electronics to chemical analysis, process monitoring, dy- 
nent backgrounds. CEC’s policy of recognition for the 


namic and static testing, and automatic data processing 


YOUR CREATIVI 
IMAGINATION PAYS OFI 

AT CEC 

In development engineering labora- 
tory, George M. Slocomb (center), 
‘1, supervisor of digital data proc- 
essing section, explains new test 
procedure in transistor circuitry for 
digital data handling. Viewing bread- 
board demonstration are engineers 
Bob Kelly (left) and Wayne Hodder 
CEC's substantial R&D budget 
s 2-3 times greater than normal 


ts—totals 10-15% of sales 


WET SALES MILLIONS OF DOLLARS — 
= = T —— 


_ 1] 


1tOP MONEY for professional engi- HOW 
neers in all classifications: Develop- 
ment, Design, Systems, Test and Serv- 
ice. CEC’s fast, continuing growth participate in the Company’s growth 
offers great opportunity in a stimulating buildings. Your family will enjoy the backed 
professional atmosphere beauty of CEC 


TO ENJOY YOUR WORK and PROFIT SHARING SECURITY plu 
make your family happy...CEC’s exclusive life, health 
progressive administration emphasizes CEC's 
excellent working conditions in modern 


accident plans 
profit sharing enables you to 


by rising sales ($24 million 


snon-industrial location! 1956...$35 mi yn anticipated in 1957) 


Don't take our word for it ask our engineers WRITE TODAY FOR COMPLI 


Consolidated 
Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California titans 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES cme 
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COMAR 


is your best source for TELEPHONE TYPE | 


LAYS 


Standards 
relare| 
Specials 


f 


TYPE TL—Fast-acting, sensitive, long-life, multi-pole 
relay. Max. voltage, 220 VDC. Max. contact 
combination, 8 PDT. Max. contact load, 5 amperes. 
Coils available for up to 0.1 second delay on operate 
and up to 0.4 second delay on release. Single or double 
switch stacks, 4” long, 1/2” wide, 1%" high, plus stack. 


TYPE T—Voltages up to 125 volts DC, or 
up to 20,000 ohm coil. Contact combinations 
up to 6PDT; ratings up to 10 amperes at 
115 v. AC. (SPST.), can be supplied with 
time delay. Size 2!7/32" long, 1'/44" wide, 
15/14” high, depending on stack. 


TYPE TJB—Fast-action. Long core 
provides greater sensitivity. Voltages up 
to 125 volts DC, or up to 15,000 ohm 
coil, std. Contact combinations to 6PDT; 
ratings to 10 amperes at 115 v. AC on 
SPST. Size: 2” x 1/6” x 1'4". Bifurcated 
blades available. 


TYPE TMB—Sensitive type. Voltages 
up to 125 v. DC, or up to 10,000 ohm 
coil, std. Contacts up to 6PDT. Ratings 
to 10 amp. at 115 v. AC on SPST. 
Vibr.: 10G at 5 to 300 cps, or 5G at 
300 to 500 cps. 1'/2" x 2%/32" x 1'/". 
Bifurcated blades available. 


TYPE TS—Miniature telephone 
type. Size: 15/32” x 24/32” x 
1'!344", for 4PDT. Voltages up to 
125 v. DC, or up to 6500 ohm 
coil. Vibration: 10G at 5 to 500 
cps depending on contacts 
and combinations. 


Send for 
Complete 


Details 





OMAP cecteic COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS ¢ COILS * SWITCHES * HERMETIC SEALING 
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graph illustrating each. Page 9 shows app 
cation circuitry for using the units in stra 
gages, potentiometers, thermocouples, an 
other equipment. Bulletin also includ 
complete specifications and a section « 
selecting galvanometers 

140) MAGNETIC SHIELDING. Ma 
netic Shield Div., Perfection Mica Ce 
Data Sheets 101 (1957), 33 pp. Th 
technical brochure completely describ: 
the construction features, performan 
haracteristics, and typical applications ¢ 
nonshock-sensitive, nonretentive Fernet 


ind Co-Netic magnetic shielding material 
It includes 12 pages of technical data, fiy 
of performance graphs (two shown), 14 
pages of illustrations, and a handy two-pag; 
comprehensive index. One typical exampk 
overed is the shielding of photomultiplic 
scintillators. Such units 
properly designed, can often be mad 
smaller and more efficient simply by choos 
ing the right shielding material. Brochur 
also candidly states several applications 
which these materials cannot be used 
141) “EVAPOGRAPH”. Baird Asso 
ates-Atomic Instruments Co. Bulletin RD 
515, 12 pp. The Evapograph, a direct 
thermal imaging device, is completely d 
scribed in this bulletin: Dubbed ‘Eva’ b\ 
its makers, this instrument can be used fo 
locating and monitoring either hot or cold 
spots. Specifi applications illustrated 
this bulletin include insulation studies, anc 


tubes used in 


testing bonds and laminations, proces 
equipment such as heat exchangers and 
fractionating columns, and temperature 
of electronic components in actual servic 
Che two-page spread shown here illustrat: 
the sections on “principles of operation 
and “radiation measurement theory’. Sul 
sequent sections deal with various tempera 
ture measurement methods and the differ 
ence between photographic and visual tech 
niques. Schematics, curves, and detail 
drawings are used throughout. Specifica 
tions of the standard unit are also in 
cluded 





Here's a Quartet Control Pilots 
that Sings a Song of Savings 


yl 





Never Skips A Note 


CONTROLLED ——— 
PRESSURE 











NEVER A DISCORDANT NOTE from this quartet - - - they’re 
always in tune - - - each unit doing its part to create 
24-hour-a-day harmony. They save time — no personal 
attention or manual assistance required after they’re set. 
Pressures stay at set point for top efficiency of pro- 
cess equipment in the line. Positive response of pilot 
and valve assures smooth throttling action within closely 
held limits. 
The same smooth action and accurate control is pro- 
vided even when extreme reductions are necessary (there 
TO CONTROL are Leslie installations handling reduction of 2150 psi. 
| VALVE to 5 psi. in one step!) Responds to pressure deviations 
. — as small as .025 psi., depending on pilot range. 
Leslie Control Pilot ie : 

For more information on controllers that save main- 
Type PDA t -e dollars, consult the nearest Leslie Engineer liste 
Sesttonah Mew tenance dollars, consu e nearest Leslie Engineet isted 
in your classified telephone directory under “Valves” or 
“Regulators”. Use this help for economy in temperature 

and pressure regulation. 


Bulletin 5303 sings the whole song. Send for it today. 


REGULATORS anpb CONTROLLERS 


LESLIE CO. 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 
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’ FREE DESIGN 


HANDBOOK! 


72-PAGE 


TECHNICAL MANUAL _ 


AND CATALOG ON 


MICRO-BEARINGS | 


miniature 
ball bearings 


if you work with miniature instru 
ment-type ball bearings you'll find 
this new, authoritative publication 
a complete, handy source of engin- 
eering data and specification § in- 
formation 


HELPS SOLVE 
DESIGN PROBLEMS 


Far more than an ordinary catalog— 
it contains a helpful survey of fac- 
tors to consider in selecting and 
applying miniature ball bearings— 
plus 60 pages of engineering bul- 
letins covering all the aspects of 
bearings important to designers... 


Available types 

Radial and axial play 
Dynamic and static loads 
Lubrication 

Torque 

Mounting practices, etc. ... 


Sent FREE to Engineers, 
Draftsmen, and Purchasing Agents 
Write for your copy... 


NEW 
HAMPSHIRE 
BALL 
BEARINGS, INC. 


PETERBOROUGH 1, N.H. 
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| WHAT’S NEW 


Continued from page 42 


Systems Engineering Dept., is presi 
dent, and George, formerly managet 
of military operations, is vice-president 
ind treasurer. 


Companies A-Building 


PA new plant (30,000 sq ft) in Los 
Angeles, for Gertsch Products, Inc., 
which has need for new facilities to 
handle its increasing orders for elec 
tronic instruments. Land around the 
new plant will permit even further 
expansion. 

P An addition to its assembly plant in 
New Hyde Park, N. Y., for Servo 
Corp. of America. The new plant will 
increase by 50 percent the area used 
for assembling and _ testing 
electrochemical products. 
PA manufacturing facility ($1,000 sq 
ft) in Phoenix, Ariz., for Sperry Phoe- 
nix Div. of Sperry Rand Corp. The 
$3 million unit, expected to be com 
pleted next August, will employ about 
500 persons. 

PA new home (128,000 sq ft) in 
Waltham Research & Development 
Park in Waltham, Mass., for Sanborn 
Co., which completed its move from 
Cambridge, Mass., in December. 
P Among recent acquisitions: 
Engineering Co., Inc., of 


prec Ison 


Ford 
Upland, 





entre | 


Calif. (manufacturer of the Multi 
potentiometer) by Daystrom, In 
which will carry Ford’s Presid 
Alfred S. Voak as a consultant; Watts 
Mfg. Co. of Ronceverte, W. Va. (t« 
perature test automatic ff 
detectors, and a continuous-action 
chromatograph) by Beckman Instru 
ments, Inc., R. A. Castell & Co. 
Glendale, Calif. (subminiature el] 
tronic components) by Consolidated 
Electrodynamics Corp., which will : 
erate Castell as a new Glendale Div.; 
Dynamics Research Associates of S 
attle (the Dynamag magnetic amp 
fiers for airborne and industrial 
plications) by Universal Match Corp., 
which has named DRA’s Alfred ( 
Black and Robert G. Bryson gene: 
manager and assistant general manag¢ 
respectively, of its new DRA Div.; an 
Lindsay Products, Inc., of Culver Cit 
Calif. (miniature dc motors) by The 
Cramer Controls Corp., which will 
run Lindsay as a new Westerm Div. 
under General Manager C. 'T. Scott 
> And a merger: Midwestern Instr- 
ments, Inc., and Magnecord, Inc. 


stands, 


Important Moves 
By Key People 
> Hall L. Hibbard, senior vice-pr 


dent of Lockheed Aircraft Corp., wl 
figured indirectly in a mass defecti 


More room for Servo Corp. on Long Island: assembly area increases by 50 percent 








R-B-M Miniature Multipole 
Relays of Proven Reliability 


OPEN TYPE ENCLOSED TYPE 


will 


Light weight, Small Size Open and Hermetically Sealed Types 
for Electronic and Communication A pplication 


APPLICATION: R-B-M Miniature Multipole Relays are used where the 
prime factors in switching electronic circuits are small size, light weight and 
reliability. These proven designs are produced for switching low power 
circuits, low capacitance circuits and power circuits. 125° C insulation now 
available on some versions. Coils can also be designed for plate circuit. 


CONSTRUCTION: 


Magnet Frame—Four sizes available on open type relays and three sizes 
on hermetically sealed type. 

Contacts—Cross-bar palladium welded to nickel silver springs or button 
contacts on Beryllium copper springs. 

Terminals and Mountings—Glass headers provided with either solder 
or plug-in type terminals with many various types of mountings available. 
Octal type plug-in headers can be provided on the HL enclosure. Plug-in 
terminals to fit either 9 or 14 pin standard sockets. Maximum of 14 
pins for solder connections. 


TYPICAL SPECIFICATIONS * 





Minimum 
Power Maximum Contact Form With 


Requirements | rated current at 32 V.D.C. or 115 Maximum Enclosed 


Resistance Coil Watts 


" Per pole at V.A.C. (non-inductive load 
— 25° C(WATTS) 





es Pa 4 PDT 5 Amps. or 3 Amps : 
‘ ) ¥ 6 PST 3 Amine. P : HSM 
SPNO Parallel Contacts 
Make 80 Amps. Break 20 3.75 HSMD-2 
Amps. at 32 V.D.C 

4 PDT 5 Amps. or 3 Amps 
6 PST 3 Amps HPSC 
4 PDT 5 Amps. or 3 Amps 
6 PST 3 Amps : HSA 
SPNO, SPDT, DPNC, SPNC ica HSM-RF 
DPNO HLSM-RF 
SPNO Parallel Contacts 
Make 80 Amps. Break 20 5 HLSAD-2 























Amps. at 32 V.D.C 





*Other ratings and specifications available. 


For additional information write for Bulletin No. 1050 


other outsta nding 


*ESSEX ENGINEERED 


production pret en products 





WIRE AND CABLE 


A full “Extra Test” line of lead, test lead, 
appliance, automotive and refrigeration 
wires, plus submersible pump cable and 
200° C. Sil-X insulations are examples of 
the versatility of "Essex Engineering”. 


Wire and Cable Division 


MINIATURE RELAYS 


The Type MS Miniature Sensitive Relay is 
ideal for any application requiring a com- 
pact, highly reliable single pole D. C. device, 
where a low cost solution is required because 
of volume usage and competitive problems. 
Request Bulletin No. MS-1 


R-B-M “Control” Division 


fe 
ai 


COILED CORDS 


The “spring” in Coiled Cords automatically 
synchronizes with moving components that 
are electrically powered. There are no loop- 
ing, tangling cords in the way... because 
Coiled Cords extend and retract as needed. 
Write for new literature 


Cords Limited Division 





RBM DIVISION 


Manufacturers of Magnetic 


3 ; N S ° 
Controls and Devices |. oon me ee ‘Soraes 





2 E- 3 > 4 


WIRE CORPORATION 
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Reliability for the 
heart of your 
electro-hydraulic 
servo control 


Sanders high-flow 


servo valve instal- 


lation, 


In che 


contro! 


development tr automatic 


position 


ystems INVOIVINE 


veloc force, Sanders Associates 
' , 
compietely 


} 


equipped elec- 


| 


and hy lraulic labora- 


tory devoted to systems engineering 
The hearts of these systems are 
Boot-Strap* electro-hydré 

} eer eo 
aesignea anda Dull dD 


0-400 GPM) 


0-1 GPM), these valves 


Various 
Servo valves 
Sanders. From the largest 
ro tne smallest 
can be integrated into any complete sys- 
tem requiring high frequency response, 
reliability and simplifi 


] 
) ind 1Strial 


ed operation 
For bot and military ap- 
plication, Sanders electro-hydraulic con- 

I svcrems havea ~ iain 
trol systems have a record for reliable 
performance under extreme environ- 
mental conditions. If you are seeking 
maximum efficiency for similar systems, 
| 


Sanders engineers are glad to contribute 


their experience to your needs. Simply 
write to Dept. CE-1. 
Vital control functions performed by 
Sanders Electro-Hydraulic Servo Valves 
@ Aircraft and missile control systems. 
e@ Aromic-powered sul 
and diving systems 


Marine steering 


Anti-aircraft gun systems. 
Aircraft test facility systems. 
Rocket and jet engine fuel control 
systems. 

Widely varied process control 
Sy stems 


*T. M. Sanders Associates 








ANDEAS 
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WHAT'S NEW 


from the Nlissile Svstems Div. in De 
55 (CtE, Feb. 56, p. 24)—he 
20 others walked out 
succeeded as pro tem di 
rector of the division by L. Eugene 
Root. At the same time, Herschel J. 
Brown, acting general manager of the 
division, permanent man 
industrial 
R&D 
design, air wea 
military 
and operational analysis is impressive 
idvisor to the AF Institute, lecturer 
it the Guggenheim Acronautical Lab 
oratory at Cal Tech, member of thx 
Scientific Advisory Board to the AF 
Chief of Staff, consultant to the as 
sistant secretary of defense for R&D, 
division chief of Rand Corp., and 
chief of the Aerodynamic Section of 
Douglas Aircraft at E] Segundo, Calif 
His elevation by Lockheed will put 
him in charge of a 5,000-man payrol 
in San Francisco. 

> Recent 


cembei 
stood firm while 


h 1S bec li 


becomes 
Root 
and governmental areas as an 
man in 


ager. experience in 
ierodynamic 


pons research, and svstems 


rsonnel changes at Pratt 
& Whitney Co., Inc., saw Jacob J. 
Jaeger and Albert L. Knapp, both 
vice-presidents, elected to the board 
of directors, and Harry Reichert, ex 
port manager, raised to vice-president 
Jaeger, a CtE Control Personality 
Oct. 1956, p. 23), and Knapp are, 
besides V-P’s, chief engineer of the 
Machinery Div. and manager of the 
Machinery Div., respectively. Jaeger 
came to the company in 1940, was 


named chief engineer in 1954 
V-P in Knapp, a 28-year m 
in 1955; Reichert joir 


1955: 
became V-P 
in 1925 and has been export mana 
since 1950. 

> Overall responsibility for Minn 
olis-Honeywell’s activity in indust 
controls goes to Henry F. Dever, \ 
will coordinate operations of sey 
M-H divisions from headquarters 
Philadelphia He will continu 
president of the company’s Brown 
struments Div., although the divisio1 
daily operations will now be under t 
direction of General Manager C. 
Peterson, a V-P 

> Airborne Instruments Laboratory 
established a new Research Diy 
Arthur V. Loughren at 
helm as vice-president. Loughren 
past-president of IRE and holde: 
several awards for his work in vacuut 
tubes, tuned r-f receivers, color T\ 
etc., comes to AIL from Hazelt 
with which he had been 
sociated for 20 years, 


has put 


Corp., 
most recent 
vice-president for 1escarch. 

> Donald D. King, formerly direct 
of the Radiation Laboratory at Johr 
Hopkins University, Electro 
Communications, Inc., as vice-pre 
dent for As such, he v 
pilot electronic count 
measures infrared appli 
tions, and other areas, at the new R 
search Laboratory of the Air Associat 
He will 


joins 


res¢ rch. 
studies in 
ystems, 


subsidiary in Baltimore. 


J. J. Jaeger 


A. V. Loughren 


D. D. King 


Parker Painter Jr. 





L. K. Edwards (center), advanced design and systems 
analysis department head, discusses launching of a ball 
missile with W. P. Gruner (left), head of weapons system 
integration, and Systems Analyst G. W. Flynn 


the creative approach to NITISSILE SYSTENIS ANALYSIS 


There are few areas in which engineers and scientists can apply 
their abilities so broadly as in Lockheed’s concept of systems te ae, 

analysis. Lockheed systems analysis staff members engage “ys 

importantly in virtually every phase of missile preliminary design MISSILE SYSTEMS DIVISION 





and development as they: 
« formulate overall analytical treatment research and engineering staff 


* perform original analyses when problems defy conventional 








handlin 
P 8 LOCKHEED AIRCRAFT CORPORATION 





* coordinate analytical activities among different departments 


Because Lockheed is involved primarily in frontier activities, its VAN NUYS + PALO ALTO* SUNNYVALI 
systems analysis emphasis is on new approaches, new techniques, 


new ideas. It is work that calls for flexible, creative minds. i 


Inquiries are invited from engineers and scientists possessing 
those attributes. Positions are open at both Van Nuys and 
Sunnyvale, California, centers. 








THE OFFNER DYNOGRAPH |": ~ 


.. rectilinear recording 
... curvilinear recording 
...- heat sensitive recording 
...@lectric recording 
...ink recording 


IN A SINGLE OSCILLOGRAPH! 





Change) from curvilinear to 
rectilinear recording in min- 
utes. Use ink, electric, or 
heat sensitive recordings— 
onthe same versatile 
recorder 


unequalled for versatility and performance! 
High sensitivity—up to 15 microvolts d-c per mm. 
Stable—absolute zero base-line drift. No ‘warm-up — 
immediately stable and ready for use. One percent 
linearity—over 8 centimeters deflection. One amplifier 
—for all recording applications. 


Write for 12 page, 2 color catalog—gives specifications and details 


OFFNER ELECTRONICS INC. 


5320 N. KEDZIE AVE. © CHICAGO 25, ILL. 
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tinue as a consultant to the AF Scie: 
tific Advisory Board. 

> As the new chief engineer of Rad 
tion, Inc., Parker Painter Jr. will | 
responsible for the operation and a 
ministration of the entire Engineeri: 
Dept. He comes to the main offi 
from Orlando, Fla., where he had be« 
head of the Instrumentation Div. 

> Borg-Warner's new vice-president 
for engineering and research is Henry 
M. Haase, with the company sin 
1955 and most recently assistant t 
the president. Two of Haase’s maj 
areas of responsibility will be the new 
Research Center in Des Plaines, III 
and the Petro-Mechanics Research 
Div. in Los Angeles. He has held im 
portant executive positions with sev 
eral other engineering companies. 

> Eta Kappa Nu, national electrical 
engineering honor society, has dubbed 
Jordon J. Baruch of Bolt, Beranek & 
Newman, Inc., consulting engineers 
of Cambridge, Mass., the “Most Out 
standing Young Electrical Engineer 
of 1956”. Runner-up to Baruch, who 
is vice-president and director of new 
products development of BB&N, is 
Robert B. Seidel, president of Auto- 
matic Temperature Control] Co. of 
Philadelphia. ‘They were to receive 
their awards this month at the Win 
ter Meeting of the AIEE. 

> Another award, this one called th 
“Progress of New England Award”, 
sponsored by the New England chap 
ters of the Society for Advancement 
of Management, has gone to Don R 
Percival, president and founder of 
Machinery Electrification, Inc., of 
Northboro, Mass. Percival was cited 
for his “‘outstanding achievement as 
a major executive of an industrial or- 
ganization”. 

> Jeanne Wentworth, who played 
major role in the management of the 
recent ISA show (CtE, Nov. °56, p 
25) as an associate of Showmanship, 
Inc., has been named vice-president 
of the Tabery Corp. show-running 
subsidiary. 

> As vice-president and contract man 
gel for Feedback Controls, Inc., A. C. 
Brodie takes on considerably broader 
responsibilities in the Waltham, 
Mass., company. He was with Cali 
fornia-Texas Oil Co. in its Refining 
Div. before coming to Feedback Con 
trols as assistant to the president. 

> R. J. Medkeff, the new chief eng 
neer of Penn Instruments, has been 
chief development engineer sinc 
last April, when he came to the Bu 
gess-Manning division from Askania 
Regulator Co. 





ABSTRACTS 


Time—Constant 
Approximation 


From “Response of Temperature 
Sensing Element Analogs” by G. A. 
Coon, Taylor Instrument Cos. 


ASME 56-A-101. 


In frequency response analysis of 
ystems the frequency at which the 
pen loop system exhibits a phase lag 
of 180 deg indicates the speed at 
which the closed-loop system will re 
cover from a disturbance. The higher 
the 180-deg phase-lag frequency, the 
faster the deviations reduce to zero. 

Che contribution of the tempera 
ture sensing elements in many indus 
trial systems to the 180-deg phase lag 
is 30 deg or less. That is, the sensing 
element responds much faster to 
changes and disturbances than does 
the process. ‘This is the premise used 
by Coon in establishing a_ low-fre 
quency approximation of even the 
most dynamically-complicated sensing 
elements as a single time constant. 

“This paper will show that the 
frequency response of many thermal 
systems can be represented adequately 
by a single time constant in the fre 
quency range corresponding to 0 to 
30 deg phase lag. For the systems 
studied, this time constant is equal to 
the thermal lag L (maximum time 
lag for a ramp input). Thus, in the 
region of 0 to 30 deg phase lag the 
transfer function of the sensing ele- 
ment can be approximated by 
1(1+Ls). The lag L may be deter- 
mined by experimental tests or by 
direct calculation. It is an easy matte1 
to sketch the approximate frequency 
response. 

“This low-frequency approximation 
is valid between 0 and 30 deg phase 
lag, which is precisely the region of 
interest when the thermal element is 
used in the control loop. By using the 
approximation, complicated thermal 
elements may be included in the loop 
with very little difficulty.” 

The low-frequency approximation 
is derived by analyzing a sensing ele 
ment represented analogically by n 
unequal interacting time constants in 
series. The following results are valid 
up to the frequency where the ap 
proximation has a 30-deg lag. “For 
practical purposes the approximate 
and exact values are the same.”’ 
approximate gain 


0.866 < 1.00 


exact gain 


0° < approximate angle — exact angle 
9°10 
°. 


\fter proving the general case, the 


MEASURE 
LIQUIDS 


up To 1000 GPM with 


NIAGARA 


Displacement Meters 


Measurement of liquids in any process is only as dependable as the 
accuracy of the measuring equipment. Niagara Meters measure 
volumetrically. Each nutating cycle of the piston displaces a fixed volume 
which remains constant for any specified liquid and temperature range. 
Niagara Meters are individually tested and calibrated to close tolerances 

at all rates of flow within their capacity. 

Accurate measurement prevents waste and loss. Liquid formulas can be 
processed with accuracy 

insuring greater uniformity ee 
of product. Please send me information on the complete 
Learn all the facts . . . Mail | line of Niagara Meters. 

the coupon for complete | — 
. . Liquid 
information. 


BUFFALO | Flow g.p.m. "F | 
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TWO pressure switches 
for the price of ONE 


At two predetermined set points 
in the same pressure system, 
Model 424 actuates two independ- 
ent electrical circuits. One may be 
AC and the other DC if necessary. 


MELETRON 


MODEL 424 


a 


on’ 49 


eun® 


Typical applications are: 
in instrument air control as high-low warning, or as a lubrication 
system warning and safety shut down. If oil pressure drops below 
normal, a warning circuit is actuated and if pressure drops below the 
safe point, the machine is shut down. 





WE BUILD IN WE DON’T USE 





EXTREME ACCURACY LINKAGES & BEARINGS 
and DEPENDABILITY which as they wear, 


nae 1 make the settin 
maintained during 8 


. . of the pressure switch 
operating life due to : 
: ; drift. 
direct acting design 





OPERATION LIQUID SWITCHING 
IN ANY POSITION ELEMENTS 


which saves the installation 


which make the switch 
dificult to mount and 
very critical to vibration. 


costs encountered in mount- 
ing a switch that uses liquid 
switching elements. 





IMMUNITY Se ACCORDION 
TO VIBRATION  __ SDIAPHRAGMS 


you can mount the switch Se = which make the 
directly on your vibrating pressure switch 
of moving equipment. sensitive to vibration. 








To get complete operating data and specifications ask for bulletins 424 


tKSDALE VALVES 


PRESSURE SWITCH DIVISION 
5125 Alcoa Avenue, Los Angeles 58, California 
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author meticulously investigates 
ipproximation for single, two, an 
three time constants in series, for 
equal noninteracting and n equal int 
acting time constants in series, an 
for liquid-filled and expansion-ster 
svstems. Discussion of the systen 
approximations in terms of physic: 
entities enhances the value of th 
paper. ‘The paper not only validat 
in important and useful approxim 
tion, but also shows various temper 
ture sensing elements in terms of thei 
transfer functions and the physic 
aspects thermal resistances an 
capacitances) from which the transf 
functions are derived 


Finding Response Graphically 


From “Method of Presenting th 
Response of ‘Temperature-Measur 
ing Svstems” by Robert Looney) 
lavlor Instrument Cos ASMI 
56-A-102 


In this paper, a companion to th 
one presented by Coon (see abstrac 
above), Looney adopts the validit 
of approximating temperature-sensins 
elements by a single time constant for 
phase lags up to 30 deg. He goes 
step further, and shows how to fin 
the actual time constant for a given 
measuring system. ““This single tim 
constant is dependent on the proper 
ties of the fluid whose temperature 1 


being measured 


as well as the param 
eters of the system. Fortunately, th 
time constant turns out to be n 
more complicated than the sum of 
two numbers, one of which is de 
pendent on the fluid properties anc 
velocity and one which is dependent 
only on the parameters of the mea 
uring system 

\s an example, the author uses th 
case of a gas-filled tube svstem wit! 
the thermal bulb centered in a well 
The figure represents the analogou 





circuit for this system. Here, the 
lag L, equivalent to the approximate 
single time constant as proven bi 
Coon in her paper, is 

L R.Cy + RC, + RC, 


In terms of the physical properties of 





measured fluid and the measuring 
m,. the time constant becomes 


first factors making up this single 
constant is dependent on _ the 
d properties and velocity, the sec 
dependent on the parameters of 
measuring system and will be con 
nt for small temperature variations. 
se factors, as brought out by the 
thor in the form of governing equa 
us suitable for calculations, depend 
uch properties as: film coefficient 
heat transfer, thermal conductivity 
1! diameters and material, specific 
it, density, and flow velocity 
Looney shows how the time con 
nt can be found experimentally via 
iphical techniques. On log-log paper 
graphs are straight lines, thus 
resenting an equation of the form 


T'. A/V" +B 


3, changing the fluid velocity (and 
‘ding other conditions constant 
everal values of L (or T.) will be ob 
tained. “Then by subtracting from 
the total lag an arbitrary constant that 
ields a straight line on log-log papel 
the difference versus velocity 
he value of the arbitrary constant B is 
und. The slope of the straight linc 
quals m. ‘These facts then defin« 
the total lag for anv flow velocity when 
1¢ other conditions are constant. 

B remains constant for a_ given 
neasuring system, while A depends on 
the physical parameters of the fluid 
ing measured. The author show 
vowever, that by simple calculations 
\I values) the time constant found 
for one fluid can be converted to th« 
time constant for another fluid. H<¢ 
tabulates some M factors to illustrat 
ls case, and suggests that a more ex 
nsive tabulation, covering additional 
ossibilities, may be a step toward 
finding time constants of a measuring 
element for numerous process fluids 
ind toward establishing a_ standard 
neans of specifying the approximation 
time constant. 

In the experimental method, the 
otal lag is found by frequency 1 
ponse techniques. “By means of 
urve-fitting a single-time-constant 
template to the frequency respons 
hagrams for several known velocities, 
values for the single-time-constant ap 
roximation may be obtained. 

The presentation of approxi 
mating frequency-response data in this 
torm [graphically as straight lines on 
log-log paper—Ed.| would be helpful 
to the user in selecting a temperature 
neasuring system with the least lag 
tor his process.” The author demon 
‘trates this point by comparing the 


ULTRALINEAR DC 
TACHOMETER GENERATOR 


A computing element 
of great accuracy 


Linearity of this tachometer is within 

0.02% expressed as a percentage of the out- 

put voltage at any speed from near zero to 4000 rpm. 

Unique design features maintain ripple voltages be- 

tween 100 rpm and 4000 rpm at less than 0.04% of the 

output voltage and the magnitude of the ripple voltage 
decreases appreciably at speeds below 100 rpm. 


Note these specifications: 
Output Voltage (volt/1000 rpm) 8.75 
Linearity (percent) 0.02 
Maximum Speed (rpm) 4000. 
Armature Inertia (oz. in.?) 3.7 
Friction Torque (oz. in.) 1. 
Weight (Ibs.) 8. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


Please mail Technical Manual, describing Diehl Servo 
Motors and related equipment CE 257 


other available components 


* AC SERVOMOTORS * 

e AC SERVOMOTORS WITH COMPANY 
AC TACHOMETERS °* 

* AC SERVOMOTORS WITH STREET. 
DC TACHOMETERS * 

¢ AC AND DC TACHOMETERS * CITY 
¢ DC SERVO SETS * RESOLVERS 
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results obtained with the ga 
system. The mercury system ha 
lag at high water velocities whilk 
gas system in the well has less 


low water velocities and in au 


Numerical Control—Air View 


‘ 


From “Numerical Control of 
chine Tools’, a report by the A 
AMEC-Numerical Control §S 
committee, by C. B. Perry and 
Gaiennie. 


The “art” of numerical conti 
advancing rapidly, with about 
companies doing development \ 
in this field or in the associated fi 
of data processing. There are ser 
reasons for the many radically 
ferent designs of the available syst 
the basic nature of the system, 
function or purpose of the system, a1 
the nature of the particular mach 
to be controlled. Some designs diff 
only because of patent considerat 
or because the original design 
not inticipate—for instance—the 
special requirements of skin millin 
However, due to the activity of the 
Aircraft Industries Association, the 
Radio, Electronic & Television Mai 
facturers Association, and the Natio1 
Machine Tool Builders Association, 
exchanging information, techniq 
and performance data, many of tl 
valuable features of the various 
tems are being widely adopted 

Completely unified numerical 
trol systems are unavailable in 
fullest sense, since’ no supplier offer 
numerical control, plus data p 
ing, plus machine tool. Most machi 
tool builders are purchasing numeri 
control systems from __ electroni 
manufacturers, who can also furni 
integrated computers—which must 
ordered separately if a suitable « 
puter is not available to the user 
Some electronics manufacturers 
sell to any builder, while others ha 
exclusive arrangements with one 

About a year ago, the Airf 
Manufacturing Equipment Committ 
of the AIA appointed the Numeri 
Controls Subcommittee to investig 
tape control of machine tools, to p1 
pare and process the necessary N 
tional Aircraft Standards, and to fost 
and protect the aircraft industi 
special requirements. The scope of th 
committee’s activities covers the com 
plete numerical control system, fr 
engineering drawing to machined a1 
inspected parts. The systems investi 
gated have been primarily continuot 
tool-path equipment, with 360 





hining in three axes. This means 

skin mills and profilers at present, and 
or bed and knee mills later on. 

» study the field, a questionnaire 

iring some 450 practical and tech- 

| answers was compiled, a standard 

\!\ numerical test part drawing was 

levised, and a standard raw material 

ik was furnished. These were hand- 

ied to both foreign and domestic 

ipment suppliers. Thus, standard- 

witnessed tests could be made, 

sely observed and carefully recorded. 


How good is numerical control? 

[he results of the survey and evalu- 
ition to-date, based on machining the 
\IA test part, show some outstanding 
idvantages for numerically controlled 
machine tools: 


|. Present methods—transfer control 
Individual 
operation Cumulative 
time, time, 
hours hours 
Manual 
ofhce work 3. 3. 
l'emplates qi 100.5 
Machining, 
tracer 3; 104.1 
Machining, 
boring 0.5 104.6 


Numerical control method 
Manual office 
paperwork 
Data processing 
by computer 1.5 
Machining, 
magnetic 
tape 0.9 
Machining, 
boring, mag- 
netic tape 0.1 


3. Comparison between the two 
methods shows 

Manual office paperwork, 66.6 pet 

cent reduction; data processing, 98.5 

percent reduction; machining, 75.0 

percent reduction; boring, 80.0 per 

cent reduction. 

The above test was run on a standard 
general-purpose machine converted to, 
not specifically designed for, numeri 
cal control. The piece, the first run, 
was machined on the same day the 
shop first saw the drawing. ‘Twelve 
hours of inspection could not find 
cause to reject the part. If the aver- 
ige part can be made at only half 
of these percentage improvements, a 
real incentive for the private purchas« 
of numerical control is indicated. 


How are systems classified? 

lo permit a classification of func 
tional systems, the subcommittee es 
tablished the following categories: 
1. By basic control function 

AIA Class I tape template—like a 


riveter 


GENERATORS -— - — - - ---—----- 
FOR EVERY 
PURPOSE 


/ 


\ 


/ 
/ 


Kearfott Servo Motor-Generators are characterized by low rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide % to 3.1 volts per 1000 R.P.M. with an extremely linear output overa 
speed range of O—3600 R.P.M. and useful output up to 10,000 R P.M. 


* New Size 11 low cost, Servo Motor-Damping Generat Type R 809 


CHARACTERISTICS 
MOTOR 





TYPE GENERATOR 


OUTPUT 
NO LOAD SPEED | FUND. NULL 





STALL TORQUE LINEARITY 


DAMPING 
SIZE 10 35 IN 6000 
SIZE 10 30 IN 8500 23/1 

NEW R 809 : IN 5900 25/1 
SIZE 15 ‘ IN 
SIZE 18 IN 
SIZE 18 ( IN 


RATE 


SIZE 15 
SIZE 15 
SIZE 18 
SIZE 18 


*INTEGRATOR 


SIZE 15 oz 
SIZE 15 OZ. 
SIZE 18 1.35 OZ. 
SIZE 18 2.4 OZ 
SIZE 18 3.6 OZ 





if} 











| 
| 
| 
| 
| 
i 
j 
} 
| 
j 
*integrator Tachometers ore temperature stabilized 
| 


Kearfott components satisfy all re- 
quirements for high accuracy, light 
weight and small size 


KEARFOTT COMPONENTS INCLUDE: 
Gyros, Servo Motors, Servo and Magncti 
Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigation 
Systems, and other high accuracy mechan- 
ical, electrical and electronic components 
Send for bulletin giving data of Counters 
and other components of interest to you 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Collif, 
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AIA Cl Il cycle program 
like a stretch press 
RVG-10 ALA Class IIIT point-to-point k 
like a | the OI drill press 


ATA Class IV continuous tool 


like a skin mill or profiler 


GAMEWELL By basic clectrenic contéel com 


RVG SERIES 


NMinkteture PRECISION 
POTENTIOMETERS 


( ty input 
outputs 


Punched cards or punched tap 
Magnetic tape, multiple chann 
Numerous other means 


; ' = . By control code and/or langua 

ae ey acl ° ; , Decimal, binary, binaryv-coded 

These Gamewell pots ‘ and 1% provide superior char- 

acteristics in miniature size . . . ideal for high temperatures and other mal. ete 

environmental extremes. All have anodized aluminum bodies, stainless 

steel shafts, excellent linearity and meet MIL-E-5272A specs as they Voltage 

apply. RVG-17XS has a specialized arrangement which produces sine- Elect 

cosine functions with unique precision and smoothness CCUTIC 
For dependable performance under rugged environmental conditions phase 

and severe space restrictions, specify one of these RVG Precision Po- : 

tentiometers. Many special features and modifications are also available Iwo state, non-return-t 

to meet your specific need. Write or call for details. Vhree stat 

as 5 


te, return-to-zero 
THE GAMEWELL COMPANY, NEWTON UPPER FALLS 64, MASS. : : 


PRECISION 
POTENTIOMETERS 


SPECIAL! Send for New catalog . 
with data on complete line. \ combination of 


by subcommittec 


implitud 


pulses, pulse width 


5. By machine tool and control 
High-speed, low-accurac\ 
Low-speed, high-accura 


both 


6. By manufacturer 


For Eye-Level “Ss Readings... ; How many machines are on order? 


\t present 140 numerically 
trolled skin mills and profile mills 
on ordet Of special interest 
fact that there are four tvpes of 
trol svstems on these machines, 
compatible at the part or machine t 
level. ‘The development of a medit 

like multiple-channel magnetic taj 

that has bandwidth broad enous 
not to impose hardships on the b 


TEMPERATURE INDICATORS M/< * * ole mpeg 


, velopments, is being promoted 
@ Precision-built indicators provide accurate Chis lack of compatibility will 


temperature readings. : 
siderably complicate the user probk 


Low-cost protection ... due to large, spe- 


prt eae i ara during the first phase of applicati 
' ! uU ° 


but this is a small price to pay for th 


ts 
*eeenene’® 


Wide selection of dial ranges to meet spe- 


technological progress that is a dit 
cific requirements. 


result of the broad participation 

manufacturers in these orders. By tl 
Send for new catalog, describing many é : middle of 1957, most aircraft puiant 
thermometer styles. 


Choice of stock types available as shown. 


will probably be operating numerical! 


THE ELECTRIC AUTO-LITE COMPANY ox NP moons §— controlled machines 
INSTRUMENT AND GAUGE DIVISION ; a yeh oh Some anticipated problems 


that is best for your 


TOLEDO 1, OHIO a" purpose. 3'2” dial: evenly : 
NEW YORK + CHICAGO + SARNIA, ONTARIO “% oe calibrated scales Svstem evaluation and selection 
here are a variety of control systen 


ao 
MODEL G1 “~¥ or parts of systems available for ea 
application. Which one best fits th 
requirements of your plant? 
Svstem introduction—The efficient 
MODEL G4 preparation of machine control intell 
gence requires the close cooperation ot 


MODEL G3 MODEL G5 MODEL G6 the following skills: machine part 
planner, tool designer, cutting too 
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ENGINEERS 


Build Your Career Today on the Solid 
Foundation of the Industry of Tomorrow 


ATOMIC 
POWER 








Write today for Nucl p 
free, informative uciear ower 


booklet, *‘Nuclear 
Power” 
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Mr. John D. Batey, Westinghouse Electric Corp. 
Dept. M-11, P.O. Box 1047, Pittsburgh 30, Penna. 











Dear Mr. Batey: 


Please send me your free booklet entitled “Nuclear Power.” I am interested in the 
field(s) checked below 


ELECTRICAL ENGINEERING } METALLURGICAL MANUFACTURING 
Pressure Vessels ENGINEERING ENGINEERING 
Stress Analysis CO) Te Pressure Vessels 
Valves & Pumps =) Standards Pumps & Valves 
Electro Mechanical ) Heavy Fabrication Instrumentation 
Mechanisms (] Non-destructive Testing Piping 

Heat Exchangers [) QUALITY CONTROL Welding 


Marine Engineering ayy 


} Layout & Arrangements —) Non-Destructive Testing Machine & Tool Design 
Field Engineering (} Technical Writing Machining & Heat Treating 


ittended the following school(s) 


I hold the following degree(s) 


NAME ADDRESS 


CITY ZONE STATE PHONI 
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Westinghouse 


ELECTRIC CORP. 
Firat tu Abtomie Power 
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‘NEW “SAFEGUARD” ROTAMETER BULLETIN 
Gives Step-by-Step Sizing Instructions 


Immediately available on request, 
new SK Bulletin 18RG_ provides 
valuable information for anyone 
who must measure fluid rate-of- 
flow accurately and safely. The 
bulletin describes SK's line of 
""Safeguard’’ Rotameters— 
includes complete data on appli- 
cotion, construction, materials avail- 
able, installation, and operation. 


User benefits are recorded in 
detail. Of great value are the 





simplified, step-by-step instructions 





for sizing and selecting Rotameters 





for liquid and gas rate-of-flow 
measurement. Capacity tables are 
included. 


For a copy of Bulletin 18RG, 
write to us at the address below. 


Schule and Koerling 


COMPANY 


MANUFACTURING ENGINEERS 


2251 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 


Jet Apparatus: | Rotameters & Flow | Valves 


Ask for | Heat Transfer | Gear Pumps: Ask 


Ask for Condensed | Indicators: Ask | Condensed Bulle- | Apparatus: Ask | for Bulletin 17-A 


Bulletin J-1 for Condensed | tin V-1 


Bulletin 18-RA, 


Kodak 


Ektron 


Detector... 


for Condensed 
* Bulletin HT-1 


A unique lead sulfide photosensitive resistor with 
the following characteristics: 


@ Response extends from 0.25 microns to 3.5 microns with 


maximum sensitivity at 2.2 microns in the infrared 


® High signal-to-noise ratio in infrared 


@ Signal response is almost independent of size of sensitive 


area 


@ Unaffected by vibration, 


small in size 


@ Available in complex and 


exact arrays and mosaics 


2x10°ohms 210° ohm 2x10’ ohms 


For a booklet giving detailed information on Kodak 


Ektron Detectors, write Military and Special Products 


Sales, 


EASTMAN KODAK COMPANY 


Rochester 4, N. Y. 
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designer, lines layout or loft-data man, 
engineering liaison, and machine load 
planner. Your difficulties will depend 
to a large extent on the organizational 
separation that now exists in your 
plant between these skills. 

Minimizing negative labor reactio1 
—A problem that requires early atten 
tion, since these machines do not re 
quire the skilled machinists that wer 
once the backbone of an efficient ma 
chine shop. 

Maintenance Che installation of 
the equipment and its future maint 
nance will be only slightly mor 
complicated than for conventional ma 
chines. But a well conceived and 
efficiently executed preventative main 
tenance program will be a must. Main 
tenance on a breakdown basis will not 
only be unwise but unworkable 
Checking machine performance—rates 
of response, static and dynamic posi 
tioning accuracy, etc.—can probabl; 
best be handled by a test tape that 
will try the various operating character 
istics of the machines to extremes 
Running these tapes should be a regu 
lar part of the preventative mainte 
nance. 

Work interchangeability between 
machines—A difficult problem even 
between identical machines, it be 
comes more difficult with machines 
of basically different design, though 
they perform the same operations 
Servo response rates and static and 
dynamic errors must be closely com 
patible. These are. elements that 
must be considered when the ma- 
chines are ordered. 

Data processing—All of the com 
bined intelligence contributed by the 
various skills listed above under “sys 
tem introduction” must be brought 
together and synthesized into a series 
of electrical commands to a machine 
tool. This means that the organiza 
tional structure will probably have to 
be modified. 

Quality control—The problems will 
be numerous and interesting. Since 
engineering drawings do not alweys 
define all of the requirements that a 
part must meet, could the inspector 
accept a part by surveying tape prep- 
aration, making sure that the tape rep- 
resents an accurate numerical descrip- 
tion of the required part? Then all 
that is necessary is to make sure that 
the operator uses the right cutter and 
that there is no system malfunction. 
Another approach suggested is auto 
matic inspection machines. 
Conclusion 

The report concludes that there are 
no known or anticipated problems of 





Wanted: Pioneers for man’s last frontier 


Help us build power for the 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


WILLIAM J. CECKA, JR., 35, aero- 
nautical engineer, (Univ. of 
Minn. °43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return, 
he progressed rapidly: 1948, 
supervisory test job; 1950, 
group engineer, operations; 
1953 engineering group leader; 
1955, section chief of engineer- 
ing test. Using our refund 
plan, he has his M.Sc. in sight. 


GEORGE P. SUTTON, in the 13 bril- 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele 
ments is recognized as the 
standard text on the subject 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts. 


Tomorrow’s count down already fills the air at 
ROCKETDYNE’S 1,600-acre Field Test Laboratory in 
the Santa Susana Mountains near Los Angeles. 
For this is the free world’s largest workshop for 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific and 
engineering minds in the country. 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler- 
ates no error. It demands ductwork, turbomachin- 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec- 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con- 
stants occur in “steady state conditions” of the 
order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor- 
mance predictions of extreme exactitude. 

The methods now being developed at 
ROCKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica- 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate— now. 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen- 
tive that moved Magellan ...spurred the Wright 
Brothers ...and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926. 

At ROCKETDYNE, you can do this kind of pioneer- 
ing in a management climate that stimulates per- 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer- 
sities are close by. 


INTERESTING BOOKLET: ‘““The Big Challenge’’— facts on 
design criteria and development approaches used 
at ROcCKETDYNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept. 2-CON, 6633 Canoga Ave., 
Canoga Park, California. 
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ABSTRACTS 


how large is small? 


sufficient magnitude to jcopardize 01 
delay the wide-scale application of 


numerically-controlled machine tools 





Briefly noted... 











Superimposed Coding tor Data 
Storage. M. ‘Taube, Documentation 









DAVEN’S NEW 


Types and Specifications 

























—- "Tae | Incorporated for Office of Naval Re 
MINIATURE WIRE Type | Dia. | Length | Ohms Watts | search, September 1956, 27 pages. 
-———_—_—__—___+— —--+———-- —-+——__ 5194 r . 
| | Order PB121345 from OTS, U.S 
T RS 1274 3/16 3/8 100K 0.25 J , ‘ 
WOUND RESISTO 1273 | 1/4 5/16 | 400K 0.25 | Dept. of Commerce, Washington 
PROVIDE AS MUCH 1283 | 1/4 | 5/16 | 400K 0.25 | 25. Price 75 cents.) 
4 27/64 5M 0.25 | 
AS 400K no Se 1/2 cae 0.33 | ‘his report serves two purposes: 1f 
s P 
RESISTANCE IN simon | 7716 | 1/2 | 12Meg.| 050 reviews attempts to achieve super 
1/2 | 18Mee.| 0.50 imposition to eliminate the fixed feld 
1/, “my 5/," SPACE 1170 1/2 eg.| 0.50 | | 





system of searching for only one code 
at a time, and it discusses multiple 
and single-field types of superimposi 
tion coding of two or more codes in 

tt IDA VEN < the same field to facilitate information 
searching on machine-sorted index 

540 West Mt. Pleasant Ave. cards. An appendix represents tables 
Route 10, Livingston, N. J. of dropping fractions for multiple 
and single-field coding which can be 


Write for our new resistor catalog. 




















Special temperature coefficients used for searching any machine o: 


can be supplied on request | 


catalog emploving superimposed COK 
Ing, 








From “Conditions of Structural Sta 
bility in Feedback Control Sys 
tems” by M. A. Ayzerman, Moscow 
Presented at the VDI/VDE Con 
ference on “Modern ‘Theories in 
Control] Engineering and Thei 
Usefulness”, held at Heidelberg, 
Germany, Sept. 25-29, 1956. 










































Various criteria are given to dete 
mine the stability of automatic con 
trol systems in linear approximation 
(such as Hurwitz, Nyquist, and oth 
ers). An investigation shows that th 
particular system considered is struc 
turally unstable, i.e., even tor arbi 
trary selection of its parameters th 
system cannot be made stable. This 
means that in order to attain stability 
the system’s structure or block dia 
gram has to be altered (e.g., by intro 
ducing new connections between its 
components). Using criteria given in 
the paper, (from the system’s block 
diagram or from the drawing of the 
plant in question) it can be deter 
mined without any calculation whethe1 
the system is structurally stable or not 
lor structurally unstable systems it 
can be recognized from these criteria 
what kind of additional connections 
have to be introduced in order to 
make the system stable by appropri 
ate selection of its parameters. Such 
criteria are indicated for single-loop 
systems with a derivative action and 
for systems with internal feedback 
loops. The work covered in this pape: 
was done with F. R. Gantmacher. 
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New applications are continually being found for Rem- 
ington Rand Univac electronic computing systems. 
They are playing a vital and versatile role in scientific 
research, business, industry, communications and 
transportation. Now Univac is engaged in the design 
and development of a guidance system for the Air 
Force's Intercontinental Ballistics Missile—a system 
which will guide such missiles as the ‘“‘Atlas’’ and 
the “Titan.” 

Univac offers engineers and technicians opportuni- 
ties in virtually every field of professional interest. 
The diversity of its operations means stability and 
continued growth for Univac—and for members of the 
Univac team. Univac offers you interesting assign 
ments, excellent opportunities and starting salaries 
that are among the highest in the field. Say: ‘'I'm with 
Univac."’ Investigate the following permanent positions. 


Send complete resumé to 
Hemington Hand Univac 
DIVISION OF SPERRY RAND CORPORATION 
4. N. WOODBURY 


Dept. SF-7 
1902 W. MINNEHAHA AVE., ST. PAUL W4, MINNESOTA 











IMMEDIATE 
OPENINGS FOR: 


ELECTRONIC 
DESIGN 
ENGINEERS 


ELECTRO- 
MECHANICAL 
DESIGN 
ENGINEERS 


FIELD 
LOCATION 
TECHNICIANS 


MATHEMATICIANS 


PHYSICISTS 
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T or DRY 


USE ‘DIAMOND HW’ 
SERIES R RELAYS 


Where the temperature hits 200°C 


..or drops to —65 


.. where a 


dry circuit is downright arid...or 

a power circuit employs 10 amperes (or even 20 amps for a 
short life need) ... your best bet for reliability is a “Diamond 
H” Series R miniature, hermetically sealed, aircraft type relay. 
Their shock and vibration resistance you may take for granted. 
Variations on the basic 4 PDT Series R relay perform out- 
standingly over such a broad area that they are frequently used 
to do many different types of jobs in a given application, with 
resultant savings in spare part inventories. The range of possi- 


ble characteristics covers: 


Various brackets of vibration resistance from 10 to 2,000 
cps, coil resistances from 1 to 50,000 ohms, operational shock 
resistances of 30, 40, or over 50 “G”; mechanical shock resist- 
ance to 1,000 “G”, contact capacities from 350 V., D.C., 400 
MA, to 10 A., at 30 V., D.C., as well as signal circuits. 


For complete information send for a copy of Bulletin R-250. 


THE HART MANUFACTURING COMPANY 


165 Bartholomew Avenue, Hartford, Conn. 


ASCOP SAMPLING SWITCHES 


For Automation and 


ASCOP, the leading manufacturer of rotary 
sampling switches, for industrial, scientific and 
military uses, has over 200 standard models 
for automation, instrumentation, telemetering, 


display and countless other applications. 


Control Applications 


ASCOP switches feature reliability, accuracy 
and trouble free operation. Up to 240 con- 
tacts per pole are available. Whether your 
problem requires a standard switch or a special 
design, rely on the leader... 


APPLIED SCIENCE CORP. OF PRINCETON 


P.O. Box 44, Princeton, N.J. © Plainsboro 3-414] 
1641 S. La Cienega Bivd., Los Angeles, Calif. 


wt rrovipe THE LEVER - YOU MOVE THE WORLD 


i . 
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Crestview 1-8870 
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Describing the DDA 


DicIral \NALYZI 


George F’. Forbes, senior engine 
Litton Industries. Part I. ELI 
MENTS, pp. 1-48; Part II, APPLI 
CATIONS, pp. 49-154: plus app 
dices. Published by George 
Forbes, 10117 Bartee 
Calif. $7.50. 


DIFFERENTIAI 


Ave > Pacoin 


(he Bush-type analyzer solves diff 
ential equations by mechanical 
trical means. In it integration 
complished by rotation of mechan 
parts, and the solution is displayed 
one or continuously-plotted 
curves. Installations range from lars 
room-size to desk-size models. 

(he digital differential anal 
solves problems by electronic-magneti 
Here, effect 
by use of numerical registers recor 


more 


means. integration 1s 
as pulses on a rotating magnetic dru 
and is carried out stepwise as in 
ing by finite differences. Installati 
range from small 
size models. 

Although the two types aré 
alogous in many ways, the 
tion, principles of operation, and 
of the DDA are such that “as a 
eralization, any problem capable 
being solved on the Bush anah 
can be done on the DDA”’. Fo: 
reason the DDA has a consideral 
potential use as a facile numerical t 
in systems and design. <A 
the book under review is the only on 
in print which gives a detailed 
count of the DDA, it is of obvi 
value to those who would obt 
knowledge of this computing devi 

The author’s emphasis is on t 
mathematical capacities of the equ 
ment rather than on giving expli 
details of its operation. The subj 
covered in Part I, noted below, 
quire a knowledge of ordinary calcul 
and simple differential equation 
Part II requires the kind of 
standing of advanced calculus that 
could be obtained from a one-v« 
course. 

Part I covers the digital differenti 
analyzer, schematic systems and scal 
ing, generation of algebraic and tran 
cendental functions, adders and serv: 
normalization, multiplication and 
vision, and Amble’s method for ge 
erating dx/y. 

Part II concentrates mainly 
applications: generation of miscellan¢ 
ous functions, simultaneous algebrai 
equations, accuracy of the DDA 
limiters and discontinuities, functions 
of several variables, partial differentia 


room-size to desk 


mstri 


research 


unde 








The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1600 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


IMPORTANT ACHIEVEMENTS AT JPL 


Development of the Sergeant 


Announced as a successor to the Corporal 
is another highly accurate surface-to-surface 
ballistic missile named ‘‘The Sergeant." This 
weapon will continue the United States 
Army's advance in the development of 
mobile firepower. 

The latest techniques in guidance, air- 
frame design and rocket propulsion are 
being applied to the development of this rug- 
ged weapon which is capable of operating in 
any area. 

The Jet Propulsion Laboratory, designer of 
this new missile, has the same prime tech- 
nical responsibility to provide the devel- 
opment of the complete Sergeant system 


as it had for the Corporal weapon system. 

In addition to weapon development the 
‘‘Lab"’ carries on Supporting research in all 
areas related to guided missile work. These 
supporting research and weapon develop 
ment activities complement and extend each 
other to produce superior end results. 

This fact, coupled with ideal facilities and 
working conditions at JPL, is a prime attrac 
tion for scientists and engineers of unusual 
ability because of their close integration with 
such vital programs. At the same time, other 
varied and interesting activities in weapon 
development are providing new challenges 
and openings for qualified people. 








IN ALL FIELDS OF ENGINEERING AND THE PHYSICAL SCIENCES 
COMPUTERS * APPLIED MATHEMATICS * DATA HANDLING * INSTRUMENTATION 
APPLIED PHYSICS « TELEMETERING * RADIO AND INERTIAL GUIDANCE * GUIDANCE ANALYSIS 
SYSTEMS ANALYSIS * ELECTRO-MECHANICAL * MICROWAVES * PACKAGING 
MECHANICAL ENGINEERING * AERONAUTICS * MECHANICAL * STRUCTURES * DYNAMICS 
PROPULSION * APPLIED MECHANICS « INERTIAL ELEMENTS * METALLURGY 
CERAMICS » SOLID STATE PHYSICS * OPERATIONS RESEARCH 


JOB OPPORTUNITIES <7 


ARE NOW AVAILABLE 








JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA «+ CALIFORNIA 
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products or processes— 















































Graphic Wattmeter. 















































to a machine, the output of a department or whole 


plant, will serve as a continuous inspector of 


While you are working elsewhere 


In no other way can the engineer be in so many 
places at once. And at a cost of less than 30 
cents a day per recorder. You can't afford to be 
without graphic instruments in your plant. Ask 
for Bulletin 939A—What You Can Do With a 


FOR LESS THAN 


3(0)* A DAY 


A graphic instrument will tell you what happens 


i. 


VNTR ae 





e PRODUCT REPRESENTATIVES IN MOST PRINCIPAL CITIES 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 
Dept. A2, P. O. Box 596, INDIANAPOLIS 6, INDIANA 

















WORRIED ABOUT 
PRECISION PIVOTS? 
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htmare at th 
















































a lump ot 











Steel, chromium 








plated, or carbide 





















































precision pivots to .013” diameter 
1 RMS or finer surface finish. Di- 
ameter tolerances to  .000010” 
Chamfers, radii, lapped ends, etc. 














Submit your specifications 


THE 
VAN KEUREN COMPANY 
176-B WALTHAM STREET 
WATERTOWN, MASS 
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AUTOMATIC 


SIMPLYTRO PYROMETERS 


For Control of Temperature 


10 standard 
ranges from 


Accuracy 2% 
(limit of cali- 
bration error). 
Sensit vity 
ohms per 
millivolt 





ae 
C. $135.00 
Thermocouple-type automatic pyrometer for con- 
trolling tempercture in furr 


Cat. No. 4535, size 10” x 6 
Range 1000°F, S 


cces or ovens ond 
manufacturing processes. Leads between Simply- 
trol and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature 
range and lead wire resistance. Load relay, 5 am- 
peres S.P.D.T. Optional heavy duty relays to 40 A, 
Either AUTOMATIC control or LIMIT shutoff. An 
automatic Simplytrol turns heat on and off to 
hold required temperature. Proportioning effect 
can be increased or decreased by changing cam 
on the sensing cycle. With shorter cycles, control 
more nearly approaches straight line. A limit 
Simplytrol locks up when the trip point is reached 
and remains locked until reset. Use limit Simply- 
trols for monitoring and safety shutoff or alarm. 
Cabinet model for wall ; 
mounting or por.able 
shown above. To the 
right is an MFP Simei ;- 
trol for flush mounting in 





a cabinet or control pan- 
el. Several other mount- 
ngs are shown in Cata- 
og 4-A. Send for your Range 0/1500°F 
copy. Assembly Prod 0/800°C. $127.00 
ucts, Inc., Chesterland 22, Ohio. Phone (Cleve- 
land, O.) HAmilton 3-4436. West Coast: P.O. Box 
XX, Palm Springs 22, Calif. Phone: DHS 4-3133 


or 4-2453 
Booth 3916, IRE Show, Mar 


Cat. No. 4532-MFP, 


size 5” x 52” x 8” deep. 


18-21, Coliseum, NYC 
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equations, conformal mapping, cu 

malysis, and Shannon’s theorem 
Litton Industries, which t 

withor is publishes 


with 
issociated, 


irregularly-issued house organ, DD«A 
Summation, that reports on “digit 


differential analvzer methods in con 
putation and control”. Subscriptio: 
can be obtained (gratis) by writin 
336 North | 
Hills, Calif. 
Fhomas |. Higgi 


Madison, W) 


to the company at 


hill Rd 


Beverly 


Confined but Enormous 


DICTIONARY 0] 
AND ELECTRONICS Pul 
by D. Van Nostrand Ce 


INTERNATIONAI 
PHYSICS 


ished 


Inc., Princeton, N J.. 195¢ 

S77) 

Lh monumental task facing 
group of 15 contributing editors 
headed Bryn Mawr College 
Walter C. Michels, was to bring t 
gether under one cover the common 
and not so common) physics term 
appearing in the fields of mechani 
liquid, solid, and gaseous states of m 
terial; heat and  thennodynami 
icoustics, optics, electricity and cle 
tronics; meteorology; atomic and nu 
Clcal physics nathematical physic 
quantum mechanics, and relativity 

This dictionat is the result lt 

itains over 000 pages with a 
cstimated 13,000 to 15,000 defin 


ns in the scientific fields _ liste 
The definitions selected, th 


reparation of the text, the metho 
ross-referencing terms, and_ th 

introductory material on units an 

dimensions reflect the competence 


th edit TS 


Briefly, their approach to the o 


canization of the dictionary was thi 

P where possible, use definitions « 
tablished or recommended by prote 
sional group 

© define terms to include laws, r 
lationships, principles, equations, an 
concepts; de widely-used instn 
ments and apparatus 

> make the book useful to thos« 
without extensive mathematical b2ck 


ground by defining terms explicith 
ind discursivel 

P signify, by use of bold type, thos 
definitions using 


that are 


vords or expression 
definitions as 


idditional information on th« 


themselves 
clue te 
subject 
P supplement the definitions witl 
illustrations (over 300 included ) 
The book is helpful in finding th 
meaning of scientific terms en 


countered for the first time, for check 














the spelling of words not found 
desk-type English-language dic 
manies, and for clarifying concepts 
terms alreadv known. The valuc 
having it near at hand during work 
g hours can not be overstated [our 
itorial staff uses it frequently. Ed.|, 
\ile keeping the book at home en 
les Scrabble-plaving wives to beat 
girls at the every-other-Thurs 
iw-night tourney with words such as 
nagat, dendrite, ergon, phon, and 
ot 


Light Under a Bushel 


[ue Pususputron WorLp—AuTo- 
MATION Topay. Edited by E. M. 
Hugh-Jones. 158 pp. Published by 
[he University of Oklahoma Press, 
Norman, Okla. $3.75. 


[here seems to be just one really 
new voice’ in this otherwise too 
familiar collection of essavs on auto 
mation. That is not to say that com 
petence is lacking. It is not; all the 
writers know their fiekls and_ talk 
about them with assurance. It is 
just that one contributor, H. R. 
Nicholas, national secretary of the 
Metal & Engineering Group of the 
lransport & General Workers Union 
of Great Britain, offers something 
unique, while the other six do not. 
However, what Nicholas has to say 
is so outstanding that it alone is worth 
the $3.75 price of admission. 

From the title of his essay, “The 
l'rade Union Approach to Automa 
tion’, one would think that here is 
in item that cannot be read outside 
its British context. Such thinking 
would be wrong. Nicholas might be 
confining himself to Great Britain, 
but his ideas are universal. Not onh 
is his piece the longest in the book 
but it is the most far-reaching. In 
talking about trade unions and th 
worker, he recognizes an obligation 
to touch on manv of the other fields 
besides labor which have been con 
cerned with existence in a scientific 
society, and in doing so penetrates 
deeper than most writers who have 
gone before him. 

lake his thinking on bringing the 
worker in on plans for retooling 
plant for automatic control: “It would 
be true to say that whatever advances 
have taken place in recent years, how 
ever freely employers and unions ma‘ 
consult at national level, we have 
only touched the fringe of true joint 
onsultation. I know of one factory 
where an advanced automatic proces 
was to be introduced, and the man 
igement gave no indication of its in 
tentions to the workers until the last 
moment. It was not until the men 
had taken action which thev con 
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INDICATING 
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shows set point 
and process variable 


hoes al a glare! 


No other Pilot gives you all the feat:res available in the USG 
Temperature or Pressure Pilot. 

This is an Indicating Pilot, with set point and process variable 
point on the same dial. It also offers: 

e Standard proportional band of 1-100‘ . . . also available to 150%. 
e Band is quickly adjustable. 

e Self-contained all-metal relay (1'/; cim), easily field adjusted. 

e Readily accessible manual reset. 

e Compact (8°/\,’’ sq. x 4’ deep) for ease in panel or field mounting. 

In operation, the USG Pilot provides a pneumatic feed-back 
circuit with sensitivity of !/;9% and repeatability of '/.°%. Available 
in a variety of temperature ranges, pressure ranges from 0-30’’ H,O 
to 0-10,000 psi, and in vacuum ranges of 0-30"’ Hg., with standard 
control action either proportional 1 to 100% or differential gap. 
Automatic reset with proportional (1 to 150%) optional. 

For complete data on USG Pressure Pilot write your valve 
supplier today. USG’s creative engineering has developed a line 
of process control instruments that includes temperature and pres- 
sure recorders and controllers, pneumatic transmitters and receiver 
gauges. Write for descriptive catalogs. 



















UNITED STATES GAUGE 


Division of American Machine and Metals, Inc. 
Sellersville, Pa. 






Home of the SUPERGAUGE 
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| ws 
DATATRON os 


C DIGITAL COM PUTER 
i om 


{ 
¥, 

| ELECTRONI 

é Engineers and 

Mathematicians: 

Responsibility, Advance- 
on your individual contri- 
lary is offered to 


Professional 
ment based 
butions, and Top Sa | 
you at ElectroData... the fastest growing 
' cturer in the Digital Computer 


manufa | | 
an living in Pasadena, 


field. Enjoy suburb font 
California; ultra-modern plant facilities 


ina non-industrial area. 


. 
te Your inqu yw be eld in st ict co dence 
Wri today 


ElectroData 


DIVISION OF inane ae 
460 N. SIERRA MADRE VIL 
PASADENA, CALIFORNIA 


careers in peaceful 
appl ations of atomic energy 
SYSTEMS 
ENGINEERS 


Education: B.S., M.S., or Ph.D. in Electrical 
Engineering. 
Experience: 0 to 5 years experience in control and 
systems analysis. Nuclear background desirable but not 
necessary. 


Duties: Analysis of reactor instrumentation and control 
systems, using digital and analog computers. 


Write today. Action will be prompt, confidential 


ATOMICS 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC 


Mr. G. W. Newton, Personnel Office, Dept. CON 
21600 Vanowen St., Canoga Park, California 
(In Suburban San Fernando Valley, Los Angeles) 
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sidered was best calculated to 
guard their interests that it wa 
plained that the new method \ 
not put men out of work but wi 
create the need for additional la] 
How short-sighted a managem 
policy that was! The whole unf 
tunate aftair could have been avoi 
by consultation and by seeking co 
eration of those affected, men c ip 
of thinking and understanding, 
who have a vital stake in the indust 
When will some employers re 
that, although men must work 
maintain themselves and their fa 
ilies, they are also conscious that the 
is something more to a job of we 
than performing a task which entitk 
them to a wage packet week | 
week? .. .” 

\utomation, says Nicholas, will d 
place the worker in more ways than 
one. ‘That is, it is not only possib 
that he will be displaced out of a j 
but he may also be displaced in h 
job, and the effects of the latter d 
placement may be just as hard on hi 
for no work or erratic work means the 
same thing to a man who wants to get 
along with his society. Says Nichola 
“It is becoming increasingly apparent 
that, in our manufacturing industries 
managements who embark upon 
ceedingly heavy expenditure to equ 
their factories with automatic devic 
are anxious to get everything th 
possiblly can out of their machin 
for as many hours as possible. Mor 
and more we may have to face up t 
the introduction of shiftworking met] 
OG5.-.. « 

“There is little doubt that the: 
will have to be fresh thinking about 
our established wage structures, if 
accept that we cannot think in tern 
of the past in an automation age. . 
Che introduction of automation mean 
that the rate of production will 
determined by the machine and th 
development demands a new approacl 
to the question of earnings as well 
to grading problems. We may hai 
to think in terms of high stanaard 
rates as distinct from low basic rate 
plus piece-work earnings. In addition 
incentive schemes cannot be entirel 
eliminated merely because at on 
point of production automation ha 
been introduced. .. . 

“It may well be that the union 
themselves will have to examin 
closely their own structures. Existin 
lines of demarcation may disappear 
crafts may become integrated, new 
ones may be born, the causes of mam 
disputes between unions may be com 
pletely eliminated and others intro 





ed. Experience alone will show 

t how these problems can be dealt 

1. Difficulties have been faced be- 

and overcome. ‘The trade union 
vement is no more complicated 

n industry itself, although it is by 

means scientifically _ planned. 
ther are many other of our great 
titutions. They meet the needs of 
times and beyond question, in 
future as in the past, will adjust 

mselves to meet those needs. . . 

One of the consequences of auto- 

ition could be a redundant labor 
force in one place and a labor short- 
age in another. This throws up the 
problem of redeployment of labor 
ind the results can be readily appreci- 
ated. Apart from the question of train- 
ing men, perhaps of advanced age, for 
work which is new to them, there is 
the question of finding homes for 
them and their families, the uprooting 
f their established traditions, the 
breaking away from all their com- 
munity interests to begin life anew 
in a strange place, the interference 
with children’s education, maybe the 
breaking up of the family. The new 
towns have experienced many teeth- 
ing troubles in these matters and we 
should be able to profit by their ex- 
perience. 

“If it is not possible to take dis- 
placed people to new industry, can 
industry be taken to the people as 
some firms are doing already? Will 
we need to establish Development 
\reas in those places normally re- 
garded as safe areas? To what extent 
would government aid be available 
to assist industry and workers in re- 
solving issues of this nature? ... .” 

And finally, but welcome indeed, 
is this thought: “More detailed study, 
particularly by national and local gov- 
ernment, must be given to the need 
to develop social interests among 
young people, who in future may have 
more time on their hands than they 
have now. They must be given a 
sense of. responsibility to the com 
munity, a greater appreciation of 
books, music and the arts. They 
must be shown that relaxation extends 
beyond the street corner or the tele- 
vision set. They must be taught at 
school the things most of us discover 
ifterwards—among other things, the 
meaning of local and national gov 
ernment, the laws and _ regulations 
which control their lives, the stability 
which the growth of the trade union 
movement has given to out industrial 
structure, so that when they enter 
into the work-aday world they will 
realize that they have a part to plav 
which extends beyond interest in the 
size of the wage packet or the hours 
f Jabor.”’ 


Designed for versatility— 
Built for long life... 


WVATAXE 


Soli t (intal ij 
SWITCH 


Tested up to 40 million 
actuations without failure! 


An important addition to the well-known Acro line is this 
new split contact snap-action micro switch. It features high 
capacity—up to 34 hp, and dual circuitry—five terminals. 
In this design, the rugged, time-proven Acro rolling spring 
snap-action principle is utilized to assure long life and 
precision performance. 

The Modél C-11008 shown above is a normally closed 
switch. However, the double-throw arrangement in the 
diagram can control two single pole single throw circuits 
or can be used for double make or break in a single circuit. 
It’s rated at 15 amps and is available with pin plunger or 
with various leaf and roll leaf bracket actuators to suit 
your individual application. 

If you’re looking for a way to improve your product’s 
performance and to lower your costs, more than likely this 
new Acro switch or one of Acro’s many other designs 1s 
just what you need. We'll be glad to send descriptive 
literature—-without obligation. 


CRO 


re} COMPAW 
MANUFAC! Y 


SWITCH DIVISION 
Columbus 16, Ohio 


Plants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES: 
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because a new, tiny Alden 
bulb (only the size of miniature 
bayonet bulbs s sealed high up in 
its own transiucent lens and mounted 
in front of the panel to provide maxi 
mum indication. that is . ; 








(73% euLs 
EFFICIENCY) 


“0: Visible From Any Angle — Any Distance 


Lens glows like a red hot poker in a 
arc 


180° 


-@- Non-Refracting — Unobtrusive When Unlit 
Even brightest outside lights will not cause 
false indication 


-e- Instantly Replaced From Front Of Panel 


S Merely drill a .348’" hole and snap-in 
¥ @ for mounting. Holds fast under shock 
© ™ or vibration. Bulb lens assembly re 


places from front of panel. 


~ Eliminates Bulky Focusing or Refracting 
‘" g Devices Sicee ‘nica’ 


light bulbs are 
they have 


nventional indi 
ocated behind the 
to make use of 


ator 


pane! 





125% suLe ing ev 


EFFICIENCY) 


“0. Variety Of Colors And Voltages 
6V, 12V, 24V, 110-220V Neon 


Write for full information — today 





ALDE ANY ifsc 
2128 EN PRODUCTS COMPANY cared 


FREED 


MIL-T-27A POWER & 
PULSE TRANSFORMERS 


FOR IMMEDIATE DELIVERY FROM STOCK 
ER TRANSFORMERS 



























Filament 
i | + 1m 

“a " . . 
Cat volt e=iseFl = Els  Iease| 
No.| Sec. |ct} >| <| * |<| > |</|Size) 
fMGP1 400/200] | 185 |.070 [6.3/5] 2| 6.3] 3] HA| 
fmGP2) —-650| \/| 260.070 | 6.3/5) 2| 6.3] 4] 3B | 
MGP3| 650 | 245/.150 6.3 | 5| 5.0] 3] KB) 
jmcP4| — 800/ V/318].175|5.0 | 3] 6.3) 8] LB) 
jMGPs| 900/345 |.250|5.0 | 3] 6.3] 8| mB | 
mcP6| 700! \/| 255|.250 [ks | 
(MGP7| mt aig|.250] 0] || te) 
mGPs| 1600] | 640].250 NB) 




































| - 
a 

, s * siz 
gj=je = | sie) * 
cla 4 S56 » 2 : a 

= es iz le 

2 |e iz\é ss3|2\5|3/|4 
a | @ : Pulse ase hae 

« |s els Voltage es\;Fisi#is 
Ss je |£(3 Kilovelts | =|) o |z/F ls 
mPTi | 0.25 0.25 /0.25 |0.2-1.0 |.004| 3 [0.7 | 250 
met2 |v iy 0.25/0.25 0.2-1.0 |.004| 2 0.7 | 250 
mets |v iy 0.5/0.5/0.5 0215 [002] 3 [1.0 [280 
mPra |v iy 0.5/0.5 0.21.5 | .002 | 2 1.0 | 250 
mpts |v iy 0.5/0.5/0.5 — |0.5-2.0 | 002 3 |1.0 | 500 
mets |v | \ | 0.5/0.5 052.0 |.002 | 2 1.0 | 500 
met? TV iv iv 0.7/0.7/0.7 [0.51.5 |.002| 3 1.5 | 200 
mere |v iv iy 0.7/0.7 0.5-1.5 | .002| 2 | 1.5 | 200 
mets Viv iy 1.0/1.0/1.0 jo.7-2.8 |-002 3 2.0 | 200 
metiol viv iy 1.0/1.0 0.738 |.002 | 2 [7.0 | 200 
merist viv i 1.0/1.0/1.0 |1.0-5.0 |.002 | 3 /2.0 | soo 
meti2| Vv | V | vy [0.15/0.15/0.3/0.3 0.21.0 |.008 [4 0.7 | 700 





ALSO AVAILABLE — Military Standard Filament 
and Audio Transformers. 


Send for NEW 48 page transformer catalog. Also 
ask for complete 
catalog. 


FREED TRANSFORMER CO., INC. 


1709 Weirfield St., Brooklyn (Ridgewood) 27, N.Y. 


laboratory test instrument 
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WHAT’s AHEAD: MEETINGS 


JANUARY 


American Institute of Electrical Engi- 
neers, Winter General Meeting, 
Hotel Statler, New York Jan. 21-25 






FEBRUARY 


Instrument Society of America, New 
York Section, Midwinter Con 
ference (Aircraft Instrumentation), 
Garden Citv Hotel, Garden City, 
Long Island, N. eb. 7 

Institute of Radio Engineers, ‘l’ran 


sistor and Solid State Conference, 
University of Pennsylvania and 
Bellevue-Stratford Hotel, Philadel 
phia, Pa. Feb. 14-15 


Western Joint Computer Conference, 
Hotel Statler, Angeles 
Feb. 26-28 


Los 


MARCH 


American Society of Mechanical Engi- 
neers, Nuclear Congress, Conven 


tion Hall, Philadelphia March 10-16 


Institute of Radio Engineers, 1957 
National Convention and Exhibi 
tion, N. Y. Coliseum and Hotel 
Waldorf-Astoria, New York 

March 18-2] 

Nineteenth Annual American Power 

Conference, Hote] Sherman, Chi 
igo March 27-29 


APRIL 


American Society of Mechanical Fn- 
gineers, Spring Mecting, Dinklet 
lutwiler Hotel, Birmingham, Ala. 

\pril S-10 

Instrument Society of America, Na- 


tional Nucleas 


Instrumentation 


Conference, and ‘Third Southeast- 
Regional Exhibit, Atlanta Bilt- 

more Hotel, Atlanta, Ga 
\pril 10-12 
Second National Simulation Confer- 


ence, 
tute 
ind Electronics 
Hotel, Houston, 


and Ninth Southwestern Insti 
of Radio Engineers Conference 
Show, Shamrock 
lexas April 11-13 


American Societv of Mechanical En- 


gineers, Instruments & Regulators 
Div. (IRD) Third Annual Confe1 


University 
April 22-24 
Second National Industrial Research 
Conference, ‘“‘Research for Profit’ 
sponsored by Armour Research 
Foundation of Illinois Institute of 
lechnology, Conrad Hilton Hotel, 
Chicago \pril 24-25 


ence, Northwestern 
Evanston, Ill. 
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Just Published 


te ty fy fe, La, Lo, ha, Me, Me, A, Me, Me, Mh 


Handbook of 
Industrial Electronic 
Control Circuits 


d a rding to funet 


1 gica 
ind empha e automati ontrol thro 
Now you ul juickly find the i 
fo part ilar applicatior ih 
and «Vin Zeluff, ster tole 
pages, illustrated, $8.75 





4 





Mathematics 
and Computers 
Surveys the work of the applied maths 
matician, the problems he studies, 
methods he ind ! computin 
devices that elp him in the applica 
tion of mathematk t problems in 
science engineering and busines 
Computing lev and their compo 
nents are lescribed, especially tt 
automatic digital ymputer By G. BR 
Stibitz, Consultant, and J. A. Larrivee 
Worcester Polytechnic Inst. 227 pages 
anes $5.00 


U. and Herbert 
illustrated, 
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Doan ; 

ruska~ Patent Notes for Eng., £4 
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Pulse and Digital 


Circuits 
rested metl l ) vith all 
puls ind digita lit to he p meet 
engineering t I ment today 
mic equipmen ( vers the full range 
ircuits used in systems as anal 
digital compute idar, television, 


Millman, Columbia 
.C.N.Y. 687 pages, 


netering, etc. By Jac = 
Taub, C 


$12.50. 


better determine what are 
and how to pro- 
statuatory 


to 
Helps you 
ntions 
atentable mve 
seat them. Tells nature ade = 
tion, to keep rece whee. 
invent gh 
tant in patent he 


n, 
preparet and acted upo 
tions are 


ns in € 
what — Aids inventor to ote D. 
mce, y 
‘Sith attorneys oF ian oe RCA 
‘4 { Patent ” 
Tuska, Dir. © 


Labs. 198 pe» illus., $4.00. 


how 


contests, 
1, filed, 


ases of patent intet- 
os 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Inc., Dept. CON-2 
( 36 


327 W. 4ist St 


a . it vf 0 day 
amination on apt \ ! ia Iw 

Ok l e] I en f cle ery 

ind return unwalr wok postpaid We pa 
telive ! Ipon 1 


Hdbk of Ind. Elect. Contr 


Circuits, $s i 
Math 


Pulse 


and Computers 


Millman & Ta and Dig. Cire 


i 
Pos | 
For price and terms outside U. S | 

| write McGraw-Hill Int'l., N.Y¥.C ON 
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Photo Contact Relay 


The Model 330 Photo-Contact Relay is a double 
pole-double throw relay which will open or close 
any desired external circuit. It may be made to 
operate either by the photo electric cell, or by the 
closing of a pair of contacts which may have re- 
sistance as high as one megohm. Thus, it is a ver- 
satile “‘DUAL CONTROL” relay designed to 
do an exact job for a wide variety of experimental, 
research, production control, and safety applica- 
tions 

Write for complete information and ask for a 
catalog of the other precision built Hunter elec- 
tronic equipment. 


| Honter [= 


MANUFACTURING COMPANY 
Inc. 
930 South Linn St., Dept. C.E., lowa City, lowa 























A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.”’ 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


Engine controls your meat? 


Here's your driver's seat! 


TURBOJET AND RAMJET ENGINE CONTROLS 


or 
Write or Call Kos yo\ 


4 ae 
JOHN MURRAY Marquardt sien CO. 


atictstililel| 


Personnel Van Nuys, California 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, ete. 


TTT LAT 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED RATES—— UNDISPLAYED 

The advertising rate is $17.80 per inch for all advertising ap- $1.80 per line, minimum 3 lines. 
pearing on other than a contract basis. Contract rates quoted count 5 average words as a line. 
on request. Positions Wanted—The rate is one-half of the above, payable 
in advance. 

An advertising inch is measured %” vertically on a column—3 Box Numbers 
columns—30 inches to a page 


To figure advance payment 


counts as | line 


Discount of 10% if full payment is made in advance for 4 con 
secutive insertions. 
Not subject to Agency Commision 


Send NEW ADS or Inquiries to Classified Advertising Division of CONTROL ENGINEERING, P. O. Box 12, N. Y. 36, N. Y 


Subject to Ageney Commission 


March issue closes Jan. 28th 


A most important element of engine design is harnessing oC itis 
the power to bring the aircraft home safely. This puts a iq “ 
Controls Engineer in a key spot Fe a 
Now unique opportunities exist for talented men to de > 


velop controls for new product line of advanced small 
turboshaft, turboprop and turbojet engines 


CONTROLS ENGINEERS | OPPORTUNITY... RESPONSIBILITY | 


ae Et lle sax a danas |... INTELLECTUAL & FINANCIAL | 
ENGINE CONTROLS DEVELOPMENT GROWTH? These Become a Reality 
SYSTEMS DESIGN: responsibility to design and develop with CDC, the Originators of 


advanced systems—performance requirements—sche- 


matic diagrams—component and test specifications Compu Dyne Control Systems. 
COMPONENT DESIGN: 


design, develop and package 
specific controls components (sensor actuators, fuel 
flow components, etc 


EVALUATION: determine controls test facilities. Direct of top-flight specialists, who are leaders 
component and systems testing. Correlate test data 
Evaluate test results. Make recommendations to design in the use of the Systems Approach to 
awe Test Facility & Industrial Process Control 
ANALYSIS: determine engine controls parameters. Pre S 
pare systems. Block diagrams. Analyze controls sta ystems. 
bility Provide performance specifications, (systems 
and components) 


TTTTTTTTTT ATT TLT TTA TTATLATLAALAARR ARR ED 























TETTOREAEAL 


amiiihhhhhhttt 


@ This is an expanding organization 


@ If you are familiar with Basic In- 
Please write in strict confidence to strumentation - Servo Mechanisms 
P-3898 Control Engineering Electronic Systems - Hydraulic Compo- 
Class. Adv. Div. P. 0. Box 12, N. Y. 36, N. Y nents - Pneumatic Controls - or the 
Analog Computer, write now for any 
of the following openings: 


INSTRUMENTATION | | SMES ENGINEERS WANTED ||) etcn aso. cr 


Excellent opportunities for engineers with @ Electronic Instrument @ Instrument 


well established East Coast Industrial In- ; 
ENGINEERS strument Manufacturer now expanding Development Eng Field Eng 
branch office coverage. 


F DEVELOPMENT eggs ——~ orca or Electronic Engi- 
or neers preferred. . ; 
ACTIVITIES creas. ming, corer ze. |/ CHC control services, inc. 




















Graduate Chemical Engineer with a minimum of 5 Francisco, 
years industrial chemical plant or petroleum refin 


n | 
ing experience. The function of this position is the Generous company paid benefits include 40 t d h th 

application and/or modification of analytical in hospitalization, pension, insurance, and | $. Warmhins err e d Ord, id. 
struments for use on process plant streams vacation plans. | 


P OSBORNE 5-4100 
For Industrial 


P-3379, Control Engineering | 


Application Activities Clase, Adv. Div., P.O. Box 18, N.Y. 96, N.Y. 














Graduate chemical engineer with a minimum of 


years experience in specification writing, selection WANTED IN PASADENA 
and application of industrial automatic control 

equipment to process plant streams. We will con ASST. CHIEF ENGINEER $15,000 

sider 


the non-graduate who has a minimum of 10 


years applicable experience These are permanent Knowledge of radar, servos, fire control ELECTRONIC, MECHANICAL AND 
positions with the research staff of 


equipment. Computors plus the administrative 


THE CALLERY ability to coordinate projects and men. ELECTROMECHANICAL ENGINEERS 


Client assumes all expenses. See our full page advertisement; 
CHEMICAL CO. 28 E. JACKSON BLVD. CHICAGO 4, ILL. | | refer to advertiser’s index. 
pioneering in the field of Borch Chemistry, applic- MONARCH PERSONNEL Cc oO tad Ss oO Li DAT E D 
able to the development of high energy fuels and 
perma applications - this Fe. ‘oan field of Ee L i= cS T R oO D bg N A MM ' Cc Ss 
chemistry 
el TOLL La 
PERSONNEL MANAGER Live in Beautiful Pasadena! NEED ENGINEERS? 


CALLERY 


CHEMICAL CO. 
Callery, Pa. 

















An_ employment advertisement in this EMPLOY- 
MENT OPPORTUNITIES section will help you find 
the engineers you need. It’s an inexpensive, time 
saving method of selecting competent personnel for 
every engineering job in the control engineering 
field. The selective circulation of CONTROL ENGI- 
NEERING offers you an opportunity to choose the 
best qualified men available. 


Fastest growing digital computer needs 
you in California. See ELECTRO- 
DATA, Division of Burroughs, in this 
issue. Please refer to Advertiser’s Index. 
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Transonic and Supersonic blow down wind tunnel facility for Republic Aviation Corporation 


a special message to wind tunnel engineers and scientists 


WITH REPUBLIC’S NEW WIND TUNNELS 


ANNOUNCING UNUSUAL OPPORTUNITIES 
| 


SECTION OF THE R&D DIVISION 


A new wind tunnel installation doesn’t open every day! 


Yet, that’s exactly what’s happening at Republic Aviation. 
A brand-new installation is being planned for Farmingdale, 
Long Island, dedicated to the study of all the complex, inter- 
related aspects of passage through the upper atmosphere. 


What can this mean to you? 


If you’re presently a Director or Assistant Director of a wind 
tunnel installation, it means an opportunity to change pace 
—to express your ideas —and then implement them —in brand 
new facilities. And at the same time, to broaden your pro- 
fessional horizons. 


Or perhaps you're a member of the operating staff at a wind 
tunnel. You've got experience, ability, intelligence. But you'd 
like a chance to get in on the ground floor of a new operation, 
with the most modern facilities at your command...and in- 
crease your opportunities from the very start. 


If you're in any of these categories, you owe it to yourself - 
and your family —to check the following requirements and 
then contact us. 


DIRECTOR: Should have 10 to 15 years’ experience in 





the design, construction and operation of wind tunnels and 


related facilities, as well as complete staff administration. 


STAFF: Preference will be given to people with direct 


or related experience, at all levels, in wind tunnel 


PLANNING - PROGRAMMING - TEST OPERATION 
ANALYSIS - INSTRUMENTATION 


Republic engineers and scientists enjoy top-of-industry pay 
scales plus added financial and professional recognition for 
individual contributions. Benefits include our famous 2-Fold 
Retirement Income Plan. Educational Aid, and broad Life, 
Accident and Health Insurance Program. Unequalled Long 
Island Living, with all the cultural, educational and enter 
tainment facilities of New York just minutes away 


Please send complete resume, in strictest confidence, to: 


Mr. George Hickman, Engineering Employment Manager 


SEE FP EGEPEAES AVIATIG' 


FARMINGDALE, LONG ISLAND, NEW YORK 
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} a 


MISSILES 


SPECIAL PURPOSE TUBES 


engineers 
and 


physicists 


you'll find your field 


212 


of interest at 


Farnsworth is one of the newest electronics 
divisions of the International Telephone 
and Telegraph Corporation. IT&T is the 
world’s most extensive combined research, 
development, manufacturing and operat- 
ing organization in telecommunicaticns 
and electronics. 

Association with an organization slated 
for major success can lead to highly sat- 
isfying individual responsibility and 
awards, and result in a stimulating and 
fruitful career. 

Scientists and engineers possessing the 
professional potential and personal 
characteristics that equip them to partici- 
pate in our programs are invited to send 
their resumes to 


Technical Employment Director 


FARNSWORTH ELECTRONICS COMPANY 


@ division of International 
Telephone and Telegraph Corporation 


FORT WAYNE, INDIANA 


COUNTER-MEASURES 


CONTROL ENGINEERING 


dv 


INDUSTRIAL ELECTRONICS 


hs 


. 


SOLID STATE AND 
APPLIED PHYSICS 


A | 


ie Eh 


PRODUCT ENGINEERING 


< 


INFRA-RED 


PRODUCTION 








ELECTRONICS | 
ENGINEERS! | 


Weigh your future 
with: 


TOLEDO SCALE CO. 


Unrestricted opportuni- 
ties are awaiting you in 
such fields of activity as: 


Electronic Weighing 
Remote Digital Control 
Electrical Transducers 


Digital Data Handling 
Systems 


Servo Mechanisms 


Electronic Computing (Digital | 
& Analog) 


Needed are: Research and Develop- 
ment Engineers. Physicists. Sales 
Engineers. System Engineers and 
others. 


Send Resume to: 


Mr. G. C. Reiser 


TOLEDO SCALE CO. 


Telegraph Road 
Toledo, Ohio 














ENGINEER 
Mechanical or Electronic 


VIDRATI 
Null 


Starting Salary To $10,000 


General Electric's Missile and Ordnance 
Systems Department in Philadelphia— 
where some of the most far-reaching 
guided missiles developments are now 
under way—has career openings for 
Vibration Engineers in its Structures 
Laboratory: 


Duties call for research and development 
on advanced techniques in shock and vi- 
bration; include studies of impedence 
measurements, nodal patterns, transfer 
functions, damping characteristics, and 
resonance phenomena. Should have 3 
years minimum experience in any of the 
following fields: 


Shock 

Acceleration 
Instrumentation 

Data Processing 
Structural Design 
Vibration 

Complex Wave Motion 
Transducers 

Wave Analysis 
Electro-mechanical Systems 
Environmental Simulation 


We are a research and development 
laboratory affiliated with one of the larg- 
est, most diversified and progressive in- 
dustrial organizations in the world. The 
environment is completely technical and 
professional. We hold prime contracts of 
a long-term nature with all of the armed 
services. Excellent facilities and equip- 
ment. Many company benefits. 


The Manager of our Structures Labora- 
tory would be pleased to review your re- 
sume. A personal interview with him in 
Philadelphia will be arranged at our ex- 
pense if your qualifications are appropri- 
ate; (you need not reveal the name of your 
present employer.) 


Please send resume in confidence to: 


Mr. John Watt 
Technical Recruiting — Room 525-12 


MISSILE & ORDNANCE SYSTEMS DEPT. 


GENERAL @@ ELECTRIC 


3198 Chestnut Street 


Philadelphia 4, Pa. 


BENDIX OFFERS THE FINEST 
GUIDED MISSILE OPPORTUNITIES 
IN THE MIDDLE WEST 


It isn’t often that you can combine ideal 
living conditions with outstanding ad- 
At 3endix 


Guided Missiles we sincerely believe we 


vancement opportunities 


can offer you both. 

We are sure that you would enjoy 
living in an attractive Community con- 
venient to metropolitan centers and 
recreational areas 

And, we are equally confident that as 
prime contractor for the important and 
successful Talos Missile, no one can offer 

greater variety of interesting and 
challenging job opportunities in the 
guided missile field 


If you would like proof of these strong 


statements, wh fil it the coupon 
and send for a cop y-SIx-page 
booklet “Your | re iided Mis- 
siles’’. It no 
of guided missile 
presents terest 
conditions 
employee ben 
of specific job 
offer. 

Send for your copy of uur Future 
in Guided Missiles’ 


Bendix” — prime contractor 


for the TALOS MISSILE 


Bendix Products Division—Missiles 
404 J, Bendix Drive, South Bend, Indiana 


Gentlemen: | would like more informatior er ypportunities in guided 
missiles. Please send me the booklet ‘Your Future In Guided Missiles 


NAME 


ADDRESS 
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PROFESSIONAL | 
sevices J] @ Research 


(Sup | © Testing 
® Design 
® Patents 











@ Instrumentation 
© Control Systems 
®@ Economic Studies 
® Management 

























GEORGE P. ADAIR ENGINEERING CO 
Consulting Engineers 
Electronic Controls 
Telemetering Co 
Televisior Desigr 
Appl 
N. W Washington 6, D 
EXecutive 3-1230 


Electronic Proces 
munications Microwa 
Development Rese 
cation 










1610 Eye Street 






























HANSON-GORRILL-BRIAN INC. 
Spectalrzea Control System 


ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 


85 Hazel Street 





Glen Cove, N. ¥ 
Glen Cove 4-7300 






























KIRBY AND COPE ASSOCIATES 
HUMAN FACTORS 
Consultation on the design and utilization of 
chanical and electrical equipment to suit man’s 

physiological and yehological capabilities 

Specialists in the cross-application of physical se 
ence and engineering with biology, medicine ar 
psychology 


1515 Ramblewood Road Baltimore 12, M 
Tal. ID 3-3609 or PB 2-8839 
































AN UP-TO-EARTH VIEW OF THE FUTURE IN 
SERVO CONTROLS AND INSTRUMENTATION 









T. W. KHIRALLA 
GEAR CONSULTANT 


Specializing in the design of gear trains for both 
power transmission and positional accuracy. Wide 
experience in ultra-high speed gear train design 


52 North Hancock Street Lexington, Massachusetts 
Telephone Volunteer 2-4192 














The Martin launching vehicle of the first man-made Earth 
satellite will be the opening gun of a new and endless age 


of exploration into space. 





STEINER TECHNICAL WRITINGS 


Since 1930 


Technical Manua Handbooks—Part I 
All Ele nic Applications 
feapons Syster Communication 
Guided Missile. Computers 
7503 Seven Mile Lane Phone HUnter € 
3 I Md 





There are many exciting new opportunities at Martin in 





the fields of servo controls development and instrumenta- 
tion engineering. 


If you are doing some down-to-earth thinking on this 


SVERDRUP & PARCEL, INC. 
Engineers—Architects 

” Co preher ve Cont 

ona ‘Instrum nt at “y 


Ingineering Services 
1 of automatic contr 
nic energy ct 






ical plar petroleum refineries ste 
plants test facilities and other proce 
industries 

915 Olive Street St. Louis 1, Missour 








fabulous future you’d do well to contact J. M. Hollyday, 
Dept. CE-2, The Glenn L. Martin Company, Baltimore 3, 
Maryland. 


a ESR en 
MV 24 FET 2 Pa 


Mate HF 


SB A ua T / 








CONSULTANTS 


When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 
the experts. 

For further information on how to reach 
these executives, write: 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


P. O. Box 12 
New York 36, N. Y. 
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“Condi 
of 


South Bend 


Indiana 
Pioneers and Leaders 


in 


AIRCRAFT ENGINE 
CONTROL SYSTEM 


has continuing 
need for 


in 


TURBOJET 
TURBOPROP P 
ROCKET 
NUCLEAR 


ENGINE 
CONTROLS 


involving 


Magnetic Amplifiers 
Servo Mechanisms 
Computers 
Transistorization 
Vibration Analysis 


Systems Evaluation 


Graduate study available 
evenings with Bendix 


financial assistance 


Send resume of experience and educa- 


cation to 


Technical Employment Department 
Bendix Products Division 

Bendix Aviation Corporation 
South Bend 20, Indiana 














Career opportunities 
in BOSTON 
are better 


than ever! 





Long range research, engineering and production pro- 
grams at Honeywell in Boston have created new and 
unusual career opportunities in the instrument and semi- 
conductor fields. In addition to professional and financial 
advancement, these career opportunities offer the recogni- 
tion that goes with working in a small compact engineering 
group of an autonomous division and advancement through 
association with the world’s largest producers of automatic 
controls. 


Gyro and Accelerometer Design Engineers 


Data Handling Amplifier Design Engineers 


Electrical Design Engineer for Automation Equipment 
Semi-Conductor Engineers for R & D and Production 


Chemical, Mechanical, Metallurgical Process Engineers 


Write Mr. F. L. Mannix, Personnel Director, Minneap- 
olis-Honeywell, Boston Division, 1400 Soldiers Field 
Road, Boston 35, Mass., or call ALgonquin 4-5202 


Honeywell H 


BOSTON DIVISION 
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ENGINEERING OPPORTUNITIES 


Aircraft Radio Corp., 


the industry's leader in avi- 


onics for over 30 years, has openings on its staff 
for forward thinking engineers in the following 


tields: 


@ TRANSISTOR CIRCUIT 
PROJECT ENGINEER 


@ SERVO AND INSTRUMENT ENGINEER 
@ ENVIRONMENT—TEST ENGINEER 
—& COMPONENTS ENGINEER 


@ CHIEF ENGINEER TO HEAD SERVO AND 
INSTRUMENT DEPT. 


@ ADVANCED TECHNICIANS 


WRITE OR CALL COLLECT: Personnel Manager 


(> AIRCRAFT RADIO CORPORATION 


BOONTON, NEW JERSEY 


Deerfield 4-1800 Ext. 238 
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Mr. Controls 


“EVERYTHING'S UNDER CONTROL” 





To live in Southern California 


SERVO ENGINEER 


Analysis, preliminary design and 
initial development of electro- 
pneumatic and electro-hydraulic 
components and systems. 


IMMEDIATE OPENING 











AERONAUTICAL DIVISION 


Robertshaw -Fulton 


CONTROLS COMPANY 
Santa Ana Freeway at Euclid Avenue 
Anaheim, California 
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MOhawk 4-5800 
W. HIGGENS 
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G. JONES 
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W. STONE 
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ENGINEERS 


AND 


SCIENTISTS 


with degrees in 
E.E., M.E., Ch.E. or PHYSICS 


Honeywell 


BROWN #t*NSTRUMENTS 


Touts wn Coitiols 
LEADS THE WAY IN 


A WORLD OF 
OPPORTUNITIES 


MH THE COMPANY 


ogica!l thinking 
NSTRUMENTS 
tell > rea 


@ Men with the vision to create 
and the will to act can find an 
abundant outlet for their creative 
talent in either RESEARCH, DESIGN 
and DEVELOPMENT APPLICATION, 
or SYSTEMS ENGINEERING. What- 
ever the choice, you and only you, 
will be able to control and meas- 
ure progress with this company, 
which leads the way in a world of 
opportunities... 


Write to D. R. GARVEY 
Manager Employment, Dept. C 


Honeywell 
BROWN INSTRUMENTS DIVISION 
Wayne & Windrim Aves. 

Philadelphia 44, Pa. 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS & SCIENTISTS 











GENERAL (96) ELECTRIC 


SYMBOL OF ADVANCED 
THEORY AND RESEARCH IN 
THE GUIDED MISSILE FIELD 


This General Electric department is prime contractor for “Inter 
continental Ballistic Missile” and “Intermediate Range Ballistic 
Missile” nose cone development. Increasing emphasis on this and 
other guided missile programs continues to create openings or 
our professional staff for graduate engineers and scientists witl 


experience in the following or related fields: 





MATERIALS & PROCESSES * AERODYNAMICS ® AEROPHYSICS * THERMO 
DYNAMICS * ELECTRICAL DESIGN *© STRUCTURAL DESIGN ¢ STRESS 
ANALYSIS © DATA PROCESSING *© SYSTEMS © SYSTEMS TEST © FIELI 
TEST * VIBRATION © INSTRUMENTATION ® CONTROLS * ARMING ANI 
FUZING * INERTIAL CUIDANCE © CROUND SUPPORT EQUIPMENT DESIGN 





We 
xperience 
manage! 


espon le 


Mr. Joun Warr @ Room 540-2 
MISSILE & ORDNANCE SYSTEMS DEPARTMENT 


GENERAL G@ ELECTRIC 


3198 CHESTNUT STREET, PHILADELPHIA 4, Pa. 
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it’s true! 
TIC’s general line of linear and non-linear potentio- 
meters provide more accuracy per unit area than 
any other potentiometers on the market. 











STO9 7/” diam. Linearity of 0.25% 


RVP1 1” diam. Linearity of 0.15% 
Compare ST18 134,” diam. Linearity of 0.15% 


ST20 2” diam. Linearity of 0.12% 























These are not laboratory or model shop curiosities! 


They have been delivered in substantial production quan- 






tities to Our customers. 






The high accuracy of TIC precision potentiometers are the result of a 








combination of unique design features . . . high standards of quality op 
control . . . and construction of watchlike precision. Years of experience | PRODUCTION FACILITIES 
in supplying precision potentiometers for operational equipment designed | PROMPT DELIVERY ! 
to meet military specifications assure high accuracy throughout the long 

life of the unit... and under all types of adverse environmental conditions. 






An added advantage of specifying TIC potentiometers is the tremendous production facilities and the 






wide selection of sizes that permits custom-like design in your application. Whether it be high accuracy 






linear potentiometers, standard function or empirical non-linear potentiometers, you can depend on 
TIC to provide greater accuracy throughout the long life of the potentiometer. Complete specs on request! 










COlonial 3-7711 
POplar 5-8620 






531 Main Street, Acton, Mass. 
West Coast Plant — Box 3941, No. Hollywood, Calif. 
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F&P CONTROL SYSTEM 
BRINGS TRE STRATOSPHERE DOWN TO EARTH 


Flight Conditions Simulated from Sea Level to 120,000 
Feet at Douglas Aircraft Company, Inc. 


Fischer & Porter instrumentation automatic- 
ally controls all the essential variables in the 
operation of the new aititude test chamber at 
Douglas Aircraft Company, Inc., Tulsa, Okla- 
homa. Altitude, weather and speed are auto- 
matically controlled to simulate an airplane’s 
actual flight conditions during take-off, strato- 
spheric cruising, and landing. 

All instrumentation is designed so that 
altitude, ram and bleed air systems can be 
controlled 3 ways... manually, automatically 
under steady state conditions, or automatically 
under program control conditions. Altitudes 


From one control panel 
altitude, ram, or bleed air 
systems can be controlled 
manuaily or automatically. 
Nearly 200 variables can be 
measured during a 
test run. 


single 


This mammoth altitude 
chamber can accommodate 
airplane test articles as large 
as 12 feet high x 18 feet 
long x 12 feet wide. 


from sea level to 120,000 feet, temperatures 
from —100°F. to +1000°F. and pressures from 
0 psia to 250 psia are easily obtained. During 
a single test run, nearly 200 measurements of 
temperature, pressure, flow, humidity, vacuum, 
and altitude are possible. 

Fischer & Porter has successfully furnished 
package instrumentation on similar aircraft 
test facilities throughout the country. In your 
industry F&P’s experience in systems engineer- 
ing, control, field testing, field supervision and 
field start-up can be of service to you. 

Write today for complete information. 





FISCHER & PORTER CO. ator, 2. 
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COMPLETE PROCESS 





LA 1128 





